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ABSTRACT 
The immune responses produced during an infection of the intestinal 
nematode, Hellgmosomoides po/ygyrus (= Nematospiroides dub/us) were 
investigated. Three strains of mice were used; CBA, BALB/c and NIH. These 
strains express a range of immunity against secondary infection of the 
parasite, but are all susceptible on first exposure. Within 7 days of a primary 
infection of H. polygyrus in all three strains of mice, there was an increase in 
the weight, cellularity and the cellular proliferation in the draining lymph nodes 
and spleen. These responses tended to be of a transient nature and returned 
to control levels by the end of the fourth week. Some exceptions were noted, 
particularly the prolonged size and cellularity increases in the mesenteric 
lymph nodes of the NIH mice, a strain able to develop effective immunity 
during secondary infections. 
Flow cytometry analysis of the draining lymph nodes, in all three strains, 
showed an expansion in B cell frequency. Only in the spleen of NIH mice was 
a similar B cell increase observed, in CBA and BALB/c there was a fall in this 
cell proportion. In contrast to the B cell rise the T cell frequency was reduced 
in the MLN and the spleen for all the mice, though actual numbers of T cells 
remained constant due to, the overall increase in cellularity. There was no 
change in the proportions of T cell subpopulations within the T cell population 
as a whole. Thus, the suppressor T cell population was not preferentially 
expanded and therefore did not appear responsible for the immunosuppression 
associated with chronic H. polygyrus infections. 
Further investigations of the B cell responses showed an antibody 
production against H. polygyrus specific antigens of larval and adult origin. Of 
the three mouse strains studied NIH provided, in general, the largest parasite 
specific IgG and 1gM titres during both primary and secondary infections. In 
addition, a protracted response was seen in NIH mice compared to CBA and 
BALB/c mice, a difference noted in previous immune reactions. This continued 
responsiveness, long after the adult parasite had emerged, and when the other 
mouse strains were no longer responding, appeared to be a key factor in NIH 
immunity. However, in every other respect the susceptible mice were 
producing a good, if ineffective, immune response and their inability to expel 
the parasite could not be explained on the grounds of non- responsiveness. 
The relationship of these observations to the chronicity of H. po/ygyrus 
infections and to strain dependent variations in response is discussed. 
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CHAPTER 1 
GENERAL INTRODUCTION 
It has been estimated that up to 1000 million people worldwide carry 
hookworm infections (Glues 1985). This ranks the parasites second only to 
Ascaris as the most prevalent soil transmitted helminthin man. Hookworm 
infections insidiously undermine the general health of their hosts and although 
not all suffer the life-threatening anaemia that reflects heavy worm burdens, 
even mild iron-deficiecy anaemia due to hookworms can lead to stunting of 
growth and intellectual retardation, especially among children (Pollitt & Leibel 
1976). The parasites are most prevalent in areas where sanitation and 
environmental conditions favour the development of eggs and the infection of 
hosts. This corresponds approximately to the tropical regions of the world 
(Miller 1979). 
Knowledge of the mechanisms of immune responses in host-parasite 
relationships is an essential first step toward the ultimate goal of immunologic 
control of parasitism in animals and man. The intestinal nematode 
He/igmosomo/des po/ygrus (= Nematospiro/des dub/us) provides us with a 
valuable model for chronic human hookworm infections (Bartlett & Ball 1972) 
having been introduced as an experimental model in laboratory mice by 
Spurlock (1943). As a natural parasite in wild mouse populations, (Elton et. al. 
1931) little effective immunity is stimulated in the normal course of an 
infection. Likewise in areas endemic with the human hookworms Ancylostoma 
duodenale and Necator americanus there is no conclusive evidence that man 
develops a functional immunity to the parasite (Behnke 1987). Some 
epidemiological studies suggest that worm burdens increase rapidly for the 
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first 10 years of a person's life, remain constant or show a small reduction for 
the next 20 to 30 years and sometimes rise again in old age (Miller 1979). 
Immunity would clearly seem a contributory factor to this apparent pattern. 
However, other population studies monitoring the faecal egg counts found a 
plateau in the 20-30 age group, which rarely fell in older hosts. Some 
longitudinal studies have shown fluctuations in apparent worm load that 
suggest regular loss and reacquisition of parasites (Behnke 1987). H. po/ygyrus 
provides a working laboratory model for the study of the immune responses to 
a natural, chronic, hookworm infection. 
Life cycle 
H. po/ygyrus is a trichostrongyle nematode parasite of the small intestine 
of mice (Figure 1.1). The adult worms live attached to the jejunal mucosa. 
Natural infection is by mouth, and in a non-resistant animal the third- stage 
larvae (0) exsheath in the stomach, losing their L2 coat (Sommerville & Bailey 
1973). In the stomach the larvae penetrate the epithelium, predominantly in 
the glandular region, within 10 to 30 minutes of infection. They remain in this 
site for 24 to 36 hours before migrating to the duodenum (Liu 1965, Sukhdeo 
et. at 1984). By 24 hours, Bryant (1973) observed that no larvae can be found 
in the lumen as all have by this time encysted in the submucosa and mucosa 
of the small intestine. Between the 1st and 3rd days of infection the larvae 
move into the muscularis externa of the small intestine where they remain 
until adulthood (Sukhdeo et. at 1984): The larvae moult at approximately 90 
hours post- infection (3rd to 4th stage) and 150 hours (4th to 5th adult stage). 
Most of the worms return to the intestinal lumen by 190 hours to adopt their 
adult positions. After fertilization the first eggs are detected in the faeces 240 
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Figure 1.1 
THE LIFE-CYCLE OF H. POLYGYRUS 
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hours after infection. In suitable conditions the eggs hatch after 36 hours to 
liberate the first larval stage (Li). Between 24 and 48 hours after hatching, the 
first of the two bacterial feeding larval stages emerges. The Li moult to give 
rise to the second larval stage (L2) which undergoes a partial moult up to 20 
hours later, to form the ensheathed infective L3 (Bryant 1973). This stage is 
active, but non-feeding and immediately infective. It takes up a vertical stance 
at the highest point in its microenvironment to await ingestion by a passing 
host. 
In a primary infection in most strains of mice the adults can survive for 
8-10 months (Ehrenford 1954) and ultimate rejection is thought to be largely 
due to senescence of the parasite. The variation in longevity and the fact that 
some inbred mouse strains (eg SJL) expel worms within 2 months of infection, 
makes it unlikley that senility is the only factor involved, and suggests that the 
murine host makes an active contribution to parasite loss during primary 
infections (Behnke et. al. 1987). The ability of H. po/ygyrus to live so long 
contrasts with other rodent nematodes such as Nippostrongy/us brasiiensis 
and Trichine/la spiral/s both of which are expelled within five weeks of 
infection (Miller 1984). The immune system of most H. po/ygyrus infected 
hosts would seem to be incapable of generating host-protective responses on 
first exposure to the parasite. The majority of mouse strains do aquire some 
capacity for resisting H. polygyrus following exposure to repeated or 
abbreviated infection protocols (Prowse et. a/. 1979b, Behnke & Robinson 1985) 
and the mechanisms involved have been studied in several laboratories in 
recent years (Dobson & Cayzer 1982a, Jacobson et. al. 1982, Pritchard et. al. 
1983, Penttila et. al. 1985). 
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Antigens 
Nematode infections present the host with a wide spectrum of antigens in 
the form of excretory, secretory (E/S) and cuticular surface molecules against 
which the host can generate an immune response. However, in the case of 
H. po/ygyrus infections these reactions, while evident, are not always effective 
in eliminating the parasite and in some cases it has been proposed that 
immunoglobulin production may even have a protective function for the worm 
(Dobson & Cayzer 1982a, Mitchell et. al. 1982). Cuticular antigens of 
nematodes have been shown to be species and even stage specific (Maizels 
et. al. 1982). H. polygyrus L4 stages express a 16 kDa determinant, whilst 
adults express a 65 kDa stage specific cuticular epitope (Pritchard et. al. 
1984b). The L4 surface molecule was shown to be functionally immunogenic 
as it was recognized in mice which'had previously shown immunity by 
expelling a recent parasite infection (Pritchard et. al. 1984c). Quantitative and 
qualitative differences in the ability of sera from high responder (SJL) and low 
responder (CBA) strains to immunoprecipitate developmental antigens of 
H. polygyrus have been demonstrated (Pritchard & Carr 1987), and these may 
be related to the ability to produce an effective immune response. The 
recognition of surface antigens in T. spiral/s infections by NIH mice has been 
linked to the rapid responder status of this strain compared to C3H mice 
which take longer to reject T spiralls and do not 'see' all the antigens until 30 
days post infection (Jungery & Ogilvie 1982). It has been shown that surface 
antigens on intestinal nematodes are shed in vitro (Philipp et. al. 1980, 
Pritchard et.al. 1985) as well as in viva A relationship between these E/S and 
surface molecules has been demonstrated by their similar molecular weights 
(Siberstein & Despommier 1984, Grencis et. al. 1986). In addition these 
antigens are produced continuously and are possibly more accessible to the 
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immune system. 
E/S products of H. polygyrus, unlike the antigenic products of N. 
bras//ens/s. Trichuris muris and T spirali.s have not been found to be very 
succesful in vaccinating against challenge infection (Day et. a/. 1979, Hurley 
et. a/. 1980, Mitchell & Anders 1982). This is possibly due to the secretion of 
immunomodulatory factors along with the E/S products which suppress the 
immune responses and allow chronic infection by this parasite (Pritchard & 
Behnke 1985). Soluble antigens derived from adult homogenates of the 
parasite have the ability to depress the immune system by generating 
suppressor cell activity (Pritchard et. a! 1984a). However, recent work showed 
that retardation of larval maturation occurred in mice immunised with L3 E/S 
antigens. This was in contrast to normal larval development in mice that had 
been hyperimmunised with killed exsheathed L3 (Ey 1988). 
Attempts to vaccinate mice against H. po/ygyrus using adult or larval 
homogenates have had a varied success; this may relate to the influence of 
mouse genotype (Mitchell & Cruise 1984), vaccination protocols (Van Zandt 
1961), type of adjuvant (Mitchell & Munoz 1983), and the route and mode of 
antigen presentation (Monroy et. al. 1985). However, in each case mice were 
/ 
protected to some extent and it would appear that certain fractions Are more 
immunogenic than others (Monroy & Dobson 1986). 
CELLULAR BASIS OF PROTECTIVE IMMUNITY 
The protective responses of the host, function to reduce the pathogenic 
effects of parasitism either by the expulsion of the parasite d'r, if this is not 
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possible, by limiting the damage done to the host by the infection. Immune 
mice may exhibit a number of reactions in response to a challenge infection 
with H. po/ygyrus These reactions, in order of occurrence, include (1) 
self-cure, by a rapid expulsion of residual adult stages (Cypess & Van Zandt 
1973) (2) a reduction in the number of larvae that penetrate and develop in the 
intestinal tissue (Panter 1969, Jones & Rubin 1974) (3) a retardation in larval 
development resulting in delayed emergence of the young adults (Van Zandt 
1961, Panter 1969) (4) a trapping of larval stages during development in the 
mucosa (Van Zandt 1961) (5) a reduction in size and fecundity of adult stages 
(Panter 1969, Jones & Rubin 1974, Brindley & Dobson 1983c) and (6) an 
expulsion of adult stages following emergence (Dobson et. al. 1985). 
An indication of immunological activity during an infection is the cellular 
proliferation within the secondary lymphoid organs such as the spleen and 
draining lymph nodes. Both the mesenteric lymph nodes (MLN) and spleen 
increase rapidly in size following a primary infection of H. polygyrus (Ali & 
Behnke 1985b). Spleen enlargement is detectable as early as day 3 and peaks 
9-10 days after infection (Liu 1965), with a marked increase in the white pulp 
of the spleen by this time (Losson et. a/. 1985). The cellularity may be further 
augmented by the migration of T cells from the MLN to the spleen, with a 
concomitant increase in responsiveness of the spleen lymphocytes to T cell 
mitogens such as phytohaemagglutinir (PHA)or concanavalin A (Con A) 
(Losson et. al. 1985). In the first few days of infection the MLN weight does 
not correlate with cell numbers, a possible reason for this being oedema 
affecting the nodes. These organs remain enlarged for at least 2-4 weeks 
(Price & Turner 1983a), implying stimulation by adult antigens throughout 
infection. Ali & Behnke (1985b) suggest that the involvement of the spleen 
during infection is secondary to the role of the MLN. These workers found 
spleen weight increased until maximum MLN weight had been attained, after 
which there was a marked regression to normal size. It would appear that this 
enlargement of the spleen persisted only when the MLN were incapable of 
processing all the toxic/antigenic products emanating from the intestinal tract. 
Price & Turner (1986a) found that specific lymphoproliferative responses of 
the spleen to worm extracts, in vitro, reached peak values 1-3 weeks after 
infection, then declined, but remained above control levels. In contrast the 
MLN continued to accumulate cells able to respond to the parasite's antigens. 
The importance of T cells in these responses is demonstrated by their 
sensitivity to anti-Thy 1.2 (Price & Turner 1986a). Additionally, it has been 
shown that MLN cells from mice with a multiple H. po/gyrus infection 
produced 112 in the presence of adherent peritoneal cells and parasite antigens 
(Prowse 1982). 
Further evidence of the involvement of T cells in the production of 
immunity to H. po/ygyrus is seen in mice which lack this cell population. 
Athymic (nude) mice, flu/flu BALB/c, are unable to form granulomata in the 
intestinal wall and become only partially resistant to rechallenge, .unlike their 
heterozygous (nu/+) littermates. However, both are equally susceptible to a 
primary infection. These results imply that granuloma formation and loss of 
adult worms from the lumen of the intestine of mice are 1-cell dependent 
(Prowse et. al. 1978b). This is consistent with the findings of other workers 
who have studied the expulsion of various helminths from the intestines of 
flu/flu mice or 1-cell depleted animals (Wakelin & Selby 1974, Jacobson & 
Reed 1976, Mitchell et. al. 1976). 
During the development of resistance the number of lymphocytes, 
neutrophils and monocytes increases in the peripheral blood of infected mice 
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(Prowse et. at 1978a). Simultaneously there is a progressive rise in the levels 
of activated macrophages for the two weeks following infection with 
H. polygyrus Thereafter levels remain approximately stable in a primary 
infection (Price & Holt 1986). Peritoneal cells from infected mice showed 
increased activity by their higher uptake of 125 1-labelled polyvinyl pyrrolidone 
following intraperitoneal challenge with this agent (Price & Turner 1983a). 
Peritoneal exudate from H. polygyrus infected mice can damage exsheathed L3 
in vivo in artificially induced intraperitoneal infections in mice. The extent of 
inhibition was measured by a loss of infectivity. A large proportion of the 
cells in this exudate were activated macrophages (Chaicumpa & Jenkin 1978). 
Macrophage activity is shown to be increased towards heterologous antigens 
during the larval stage of the infection; for example, enhanced resistance to 
Babes/a microti occurred during a concurrent infection with H. polygyrus 
Splenectomy or the injection of carrageen or silica, which are macrophage 
cytotoxic agents, abrogated this protective effect. In vitro experiments showed 
that macrophages from mice with H. polygyrus larval infections inhibit the 
growth of B. microti (Mzembe et. at 1984). This data implies some sort of 
macrophage-mediated non-specific immunity. 
Eosinophils are a common feature of metazoan parasitic infections and 
immediate hypersensitivity reactions. Accumulation of eosinophils in the 
intestinal mucosa occurs during infection with lumen-dwelling and with 
tissue- invasive nematodes and is thought to be an important component of 
immunity (Kay & Butterworth 1977). Interest in the eosinophil in 
immunoparasitology centres on its possible functions as a cell type capable of 
(1) antibody- dependent parasiticidal activity (Butterworth et. at 1977), (2) 
mediating tissue repair by neutralizing the products of mast cell degranulation 
in immediate hypersensitivity reactions (Mitchell 1984) and conceivably, (3) by 
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limiting the extent of fibritic encapsulation, wound repair, and granuloma 
formation during parasitic infections. 
The repeated infection of mice with H. polygyrus which leads to the 
production of some immunity, is associated with a distinct eosinophilia 
(Cypess 1972, Prowse et. al. 1978a & b). Eosinophils come into intimate 
contact with the encysting larvae of H. polygvrus (Jones & Rubin 1974) and 
are the predominant cells in granulomata of immune animals (Jones 1974). H. 
polygyrus has been observed within eosinophil-containing micro-abcesses (Liu 
1965). Although direct killing of H. polygyrus by eosinophils has not been 
observed, toxicity in vitro against larval stages of I spiral/s (Kazura & Grove 
1978) and 5chistosomulae of Schistosoma mansoni (Butterworth et. a/. 1977) has 
been demonstrated. A correlation has been noted between the capacity of 
different inbred strains of mice to produce an eosinophil response and their 
resistance to H. po/ygyrus (Hurley & Vadas 1983), but it has yet to be shown 
that eosinophils are clearly responsible for this enhanced immunity. 
Recruitment of neutrophils to the site of nematode infection occurs during 
H. polygyrus infection in the mouse and is associated with larval penetration 
into the submucosa and muscularis (Jones & Rubin 1974). Penttila et. al. 
(1983) demonstrated the ability of mouse neutrophils and eosinophils to 
adhere to the different parasitic stages of H. polygyrus through the interaction 
of both their Fc and C3 receptors with parasite-bound antibody or C3. Cell 
binding occured mainly around the head and tail regions, indicating that 
antibodies promoting adhesion might be directed against excretory and 
secretory antigens. Mice immunised by a subcutaneous vaccination of 
exsheathed larvae developed high immunity against a challenge L3 infection, 
and in such animals damage to larvae implanted intraperitoneally in millipore 
chambers was associated with macrophage adherence. 	Death and 
fragmentation of such larvae was largly mediated by immune sera and 
occurred only in its presence, indicating the need for antibodies (Ninnemann & 
Lueker 1974). Neutrophils and eosinophils from infected mice, in the presence 
of fresh immune serum,-caused a significant reduction in larval infectivity after 
in vitro incubation, while lymphocytes or monocytes were unable to reduce 
larval infectivity under such conditions. The granulocytic cells did not show 
this activity in the absence of the serum (Penttila et. al. 1984a). The adoptive 
transfer of neutrophils and serum from immune mice partially protects normal 
recipents against infection (Penttila et. a/. 1984b). Following selective 
depletion of neutrophils in vivo with monoclonal antibodies, Penttila at. at. 
(1985) showed that they played a predominant role in early resistance to 
reinfection, but that they become progressively less essential as activated 
macrophages and, following second infection, eosinophils become prevalent. 
The accumulation of mucosal mast cells is a characteristic and well defined 
response to infection with intestinal nematodes (Miller 1984). In a primary 
infection Dehlawi at. at (1987) failed to detect a significant mucosal mast cell 
response to H. po/ygyrus Despite their absence, one of the strains studied 
(SJL) was able to expel a primary infection. Thus there was activation of the 
host protective responses, as demonstrated by the expulsion of the worm. 
Nevertheless, the parasite was able to modify the normal mucosal reaction. 
Intestinal immediate hypersensitivities have yet to be implicated as an 
essential component of H. polygyruS rejection from the mouse intestine. The 
high responder SJL/J is very sensitive to histamine after exposure to 
histamine-sensitizing factors (HSF) of Bordetella pertussis (Mitchell at. at 
1982). If HSF are elaborated by H. polygyrus or are able to gain access from 
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the intestine due to damage to the intestinal wall, severe inflammatory 
consequences may result from mast cell degranulation. 
ANTIBODY PRODUCTION DURING H. POLYGYRUS INFECTION 
Hypergammaglobuliflaemia is a common feature of parasitic infection 
(Cohen 1974) and increased levels of 19M (Crandall et. al. 1974) and two 
mast-cell binding isotypes IgE and lgGl have been described in murine 
metazoan parasitic infections (Jarrett 1973, Crandall at. a/. 1974, Sher et. al. 
1977, Mitchell at. at 1977, Prowse et. a/. 1978a). 
Following primary infection with H. po/ygyrus serum IgGi levels rise within 
two weeks to stabilize at approximately double the control level (Crandall at. 
a/. 1974, Molinari at. al. 1978). During chronic infections with metazoan 
parasites, circulating IgGi levels in mice have been shown to be increased by 
amounts which may be 20-30 times above the normal level, not only with 
H. polygyrus but also with Mesocestoides corti and S. mansoni (Crandall at al. 
1974, Prowse at at 1978a, Mitchell et. a/. 1977, Sher et. al. 1977). The levels 
of IgGi attained may be well in excess of those in most murine myeloma 
situations and may exceed 20- 30mg/mI in normal mice exposed to multiple 
H. po/ygyrus infections (Crandall et. at 1974, Prowse et. at 1978a). Biosynthetic 
labelling analyses have demonstrated that the lymph nodes draining the small 
intestine are principally involved in lgGl synthesis during H. po/ygyrus 
infections (Chapman at. al. 1979a). 
The increased levels of parasite specific immunoglobulins during chronic 
H. po/ygyrus infections demonstrates the host's continued ability to recognise 
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the presence of the parasite (Chapman et. al. 1979a & b). It has been shown 
that during a primary infection serum contains parasite specific IgGi (Molinari 
et. al. 1978), and that after multiple infections, the specific immunoglobulin 
activity of the serum can be largely accounted for by its IgGi content 
(Pritchard et. al. 1983). This isotype appears to be more responsive to antigen 
stimulation in the mouse than other isotypes (Barth et. 3/. 1965). For example, 
chronic exposure to antigens of allogeneic cells will preferentially result in 
IgGi antibody production (Basch 1974, Harris & Harris 1975). 
It has been estimated that, in secondary infections, approximately 50% of 
the IgGi is adult H. po/ygyrus specific (Pritchard et. al. 1983) and a fraction of 
the remaining IgGi has specificity for the larvae. As the intestines are 
damaged by H. po/ygyrus infection (Baker 1954, Liu 1965, Mitchell & Prowse 
1979, Spurlock 1943), some of the lgGl may be directed toward non-parasitic 
antigen emanating from the intestinal tract. In addition the parasites may 
activate B cells in a non-specific polyclonal manner, through soluble mitogens 
released into the body fluids. The B cell poliferative response was one of the 
main investigations in the present study.lt has been argued that the parasite 
initiates in the host a response to irrelevant or non-functional antigens which 
somehow acts to block potentially more protective responses (Bartlett & Ball 
1974, Chapman et. at 1979a & b). 
Increases in serum immunoglobulin concentrations are not confined to the 
IgGi isotype. However, some workers have found the dominant class of 
immunoglobulin in intestinal secretions, IgA, showed no consistent or 
significant changes in its serum concentration during single and multiple 
H. po/ygyrus infections (Prowse et. al. 1978a, Crandall et. 8/. 1974). Molinari et. 
al. (1978) found that following challenge of immunised animals, an increase of 
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serum lgG, IgA and IgM levels was evident.. These antibodies were specific to 
the parasite and in resistant mice IgA antibodies exhibited a significant major 
peak of activity between 24 and 72 hours post- challenge, at the time that 
larvae were encysting in the muscularis. A second peak appeared on day 7, a 
time when larvae emerge from the tissues. Specffi 1gM was detected in the 
serum of resistant mice, following a similar time course to IgA (Molinari et. at 
1978). 
It is assumed that systemic access of antigen (or mitogen ?) is greater 
during larval encystment in the intestinal wall than during intraluminal 
residency of the adults. Jacobson et.a/. (1982) introduced the adult worms 
directly into the gut and found that they did not prime the host for secondary 
response to a challenge of larval or adult worms. However, a challenge with 
larvae of mice previously sensitized with homologous larval infection did 
stimulate an lgG antibody response. The long term response in chronically 
infected mice is evidence for continuing antigen exposure implying that ease 
of antigen access to the circulation is not the only factor in the production of 
immunity. 
ELISA assays by Price & Turner (1986a) revealed that mice infected with 
H. po/ygyrus develop lgG and 1gM titres corresponding to antigens found in 
extracts of the different parasitic stages; adults and L3 homogenates and E/S 
products as well as eggs. There was cross-reaction between these extracts 
but the importance of stage specific antigens was illustrated by the more rapid 
increase in IgG titres to the L3 extract after infection, compared with 
responses to egg or E/S products. This is consistent with reports that 
antibodies to stage-specific antigens of infective and migratory larvae and 
adult H. po/ygyrus N. bras/lens/s and T. spiral/s develop at different rates 
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during a primary infection (Pritchard et. al. 1984c, Maizels et. al. 1983, Philipp 
et. a/. 1981). It is possible that different classes of antibodies produced during 
infection may be functional against specific phases in the parasites life cycle. 
Antibodies may act against nematode larvae in a number of ways. For 
example they may bind to the larvae through pores in the sheath to the 
cuticle below and to material permeating to the surface of the cuticle (Coombs 
et. al. 1965). Alternately, antibodies may react with enzymes and other 
substances secreted by the activated larvae. 
In terms of host protection against parasitic metazOa located on mucous 
membranes and skin, mast-cell binding antibodies can be expected to assist in 
parasite rejection (Ogilvie & Jones 1973, Benjamini at. al. 1961). lgGl has an 
affinity for mast cells (Ovary at. al. 1970) and, in the case of intestinally 
located parasites IgGi, anti- parasitic antibodies may have some 
host-protective effects. However, it seems that immediate hypersensitivities 
fall far short of being an indispensible component of host defences against 
such parasites (Ogilvie & Parrot 1977). 
High IgE levels have long been considered a feature of chronic metazoan 
parasitic infections (Ishizaka at. al. 1976). Potentiated IgE responses associated 
with parasitic infection in previously sensitized laboratory animals are T cell 
dependent (Jarret & Ferguson 1974). The underlying reasons for this antibody 
response remain unknown. It has been suggested that IgE sensitizes mast 
cells and basophils in the gut mucosa during intestinal parasite infections 
though no protozoan infections produce such a response. 
The contribution of circulating antibody to host protection remains to be 
clarified. Dobson et. al. (1982) found no correlation between anti-H. polygyrus 
U 
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antibody titres and the numbers of worms recovered in a primary infection. 
However, after multiple infections, antibody titres strongly corresponded with 
the percentage protection observed. The serum titres were found to be 
directly proportional to the mode and number of challenge infections and the 
degree of protection induced in mice by these immunisation procedures. 
Immunity produced by various sera on passive transfer suggests qualitative 
differences in protective antibodies between mouse strains, as the sera with 
the highest titre does not always offer the best protection (Dobson et. al. 
1982). Passive transfer studies have revealed that immunity cannot be 
transferred to naive mice using primary infection serum (Williams & Behnke 
1983) unless the antibody containing fraction is purified and given in large 
amounts (Pritchard et. a/. 1984b). In contrast, multiple infection sera are 
capable of transferring immunity alone (Behnke & Parish 1979a), although 
immune serum administered after day 6 of infection was ineffective possibly 
due to modification of the host's immune system by this time, and/or poor 
access to the worms in the intestinal lumen. Most of the expulsion occurred 
after the last injection of immune serum. The half-life of lgG injected into 
normal mice is 4-8 days (Fahey & Sell 1965) and in H. po/ygyrus infected 
mice it is short at 2.6-3.5 days (Brown et. a/. 1976). Immune serum alone was 
unlikely to produce this worm expulsion, though it may have been responsible 
for the stunting of worms and initiating the process. In view of these 
conflicting results a study which defined the relationship between the specific 
antibody titres in responder and non- responder strains in relation to stage 
specific antigens would be of interest. 
Surface-located IgGi is an attractive candidate for the role of parasite-
protecting ("blocking") antibody (Rickard 1974) in tissue-located larval 
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infections. The IgGl hyper— gammaglobianemia which occurs in these 
situations may act to block potentially more effective host-parasite responses 
(Mitchell et. 8/. 1977, 1982). Dobson & Cayzer (1982a) found that treatment of 
sheathed third-stage larvae of H. po/ygyrus with immune anti-serum in vitro 
enhanced their survival in vivo, in mice passively immunised with antiserum. 
Similarly Pritchard et. a/. (1984a), by use of an anti- immunoglobulin, detected 
binding of murine antibody to adult parasites following incubation in serum 
from primary infections. These results suggest a blocking role for specific 
antibody, but they were unable to determine the precise way in which these 
reactions could block the action of protective responses to H. po/ygyrus 
(Pritchard et. a/. 1984b), particularly as antibodies against both larval and adult 
worms were found in the IgGi fraction and were absent among other isotypes. 
IgGi antibodies are cytophilic in the mouse and it is significant that their 
concentration increases enormously during H. po/ygyrus infections (Crandall et. 
al. 1974, Pritchard et. 8/. 1983). Most of the IgGi antibodies are directed 
against irrelevant antigens (Pritchard et. at 1983), and this class of molecule 
has a longer half-life than the other murine immunoglobulins (Spiegelberg 
1974). 
THE GENETIC BASIS OF A RESPONSE TO H. POLYGYRUSUJ INBRED MOUSE 
STRAINS 
A large variation exists in the susceptibility of individuals in outbred 
populations to natural parasites. Field studies of such groups in endemic 
areas demonstrate that these differences 	in resistance to 	infections have a 
genetic basis (Wakelin 1978). The availability of mouse populations of partial 
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or complete homogeneity has created a strong impetus to study the genetic 
aspects of susceptibility and resistance to parasitic infections. 
In recent years there have been a number of studies on the genetic 
aspects of susceptibility and resistance in laboratory models of parasitic 
infections. In a study of 20 strains of inbred mice infected with Leishmania 
donovani (Bradley 1977, Bradley & Kirkley 1977) it was found that mice fell into 
two categories, either susceptible or resistant. In infections with T. spiral/s, 
strains of mice have been be grouped according to the time taken for the 
expulsion of the parasite (Wakelin 1980). Similarly, a link between the genetic 
make up of the host and resistance has been shown in field studies for sheep 
infected with Haemonc/ius contortus (Preston & Allonby 1978), and in man for 
shistosomiasis and filariasis (Abdel- Salem et. al. 1979, Ogilvie & MacKenzie 
1981). 
Several studies have indicated that the degree of resistance to 
experimental reinfection with H. polygyrus is dependent on the strain of 
mouse. In some strains (NIH, outbred LACA) worm burdens during a primary 
infection are stable over prolonged periods. In others, and particularly in 
females (LAF 1 /J, C3H/HeJ), adult worms are lost steadily after maturity, and 
there may be some delay in the emergence of the parasite into the lumen, 
indicating resistance operating in the intestinal mucosa (Cypess et al. 1977). 
In most experiments, resistance has been determined either by the number of 
sensitizing infections required to stimulate protective immunity against a 
homologous challenge, or by the degree of immunity induced by a single 
abbreviated infection (Van Zandt 1961, Bartlett & Ball 1972, Neilson et. at 1973, 
Cypess & Zidian 1975, Behnke & Wakelin 1977, Prowse et. al. 1979b, Behnke & 
Robinson 1985). In general, it would seem that inbred strains of mice are not 
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as resistant as outbred strains (Rubin et. al. 1971, Cypess & Zidian 1975). 
Mice with little resistance to primary infections may simply show 
cumulative increases in worm burdens when reinfected. Strains of mice that 
exhibit greater resistance to primary infections have a correspondingly greater 
resistance to challenge, although the form of that resistance is itself strain 
variable, ranging from reduction in the number of larvae able to penetrate the 
mucosa, to trapping of larvae in the gut wall, to rapid self- cure of existing 
adult worms. A similar range in resistance is seen after parenteral injection of 
larvae or adults, injection of antigen or use of irradiating larvae (Cypess & 
Zidian 1975, Behnke & Wakelin 1977, Prowse et. a/. 1979b). 
Within an inbred strain sex effects are also apparent, with the females of 
the strain generally being the more resistant (Sitepu et. al. 1986, Prowse et. al. 
1979b, Prowse & Mitchell 1980). However, Dobson & Owen (1978) showed that 
not all laboratory strains of mice show differences in the levels of infection 
between the sexes. Moreover, passive immunisation of male and female mice 
against H. poIgyrus demonstrated that sex differences in the level of adaptive 
immunity was an environmental effect controlled by sex hormones. 
Oral administration of relatively high doses of 1-3s reveals variation in the 
pathological responses, and kills some strains, notably NZB mice (Mitchell & 
Prowse 1979). When NZB and BALB/c mice are infected with 500, equivalent 
worm burdens are established, but there is a 30% mortality in the NZB strain. 
With a dose of 3000 all NZB mice die, but no BALB/c mice , despite the 
higher worm burden. The high NZB mortality may be due to a defect in blood 
clotting (Mitchell & Prowse 1979), or may in some other way be related to 
their known immunological deficency. Liu (1966) calculated the LD50 after 30 
days of infection, to be 750 and 310 larvae for Webster and C3H mice 
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respectively. At 5001_3 100% of the C3H mice died but only 20% of the outbred 
strain. At the high infection doses most deaths occur around the time of 
re-emergence of immature adults from the intestinal wall (Mitchell & Prowse 
1979, Liu 1966, Spurlock 1943) and mice presumably die of blood-loss anaemia 
and damage to the intestinal lining (Baker 1954). Such strain differences are 
presumably not primarily dependent on immune responsveness. 
It is often difficult to show strain differences in susceptibility during a 
primary infection, when the numbers of intestinal wall cysts, adults in the 
lumen or eggs voided are counted. However, marked differences exist in the 
consequences of multiple administrations of L3. In young C5613126 and CBA/H 
mice, particularly females, accumulated worm burdens are very high, the 
growth rate of CBA/H male mice is reduced, and C57BL/6 male mice may die. 
By contrast, a third oral administration of L3 virtually fails to establish in 
female BALB/c mice and resident intestinal adults arising from previous L3 
doses are slowly flushed from the intestine (Prowse et. at 1979b). Behnke & 
Robinson (1985) considered the BALB/c strain to be intermediate responders 
on the basis of the immunity to challenge infections developed during a 9-day 
anthelmintic- abbreviated primary infection. Despite variations in immunising 
regimes between the laboratories, there is general agreement on the 
responding status of most strains. Thus CBA and C57131/10 mice are regarded 
as weak responders (Behnke & Robinson 1985, Cypess at at 1977, Cypess & 
Zidian 1975, Liu 1966), CBA/J are low responders according to Jacobson et. al. 
(1982), as are C57BL/6 (Mitchell & Cruise 1984). C3H mice were designated 
weak responders by Behnke & Wakelin (1977), Behnke & Robinson (1985) and 
Liu (1966) but Prowse et. al. (1979b) found female C3H/HeJ mice to be strong 
responders. There is less agreement over the status of BALB/c mice. 
Regarded as intermediate or strong responders by a number of authors 
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(Behnke & Robinson 1985, Mitchell & Prowse 1979, Prowse et. at 1975, Hurley 
& Vadas 1983), they were found by Jacobson et. at (1982) to express strong 
immunity after two abbreviated infections, but not after a single exposure to 
the parasite. An extremely good responder is seen in the SJL strain which is 
able to produce effective immunity against a primary infection (Mitchell et. at 
1984, Behnke & Robinson 1985). Other good responders include LAF 1 /J mice, 
in which a single oral infection gives greater then 90% protection after 
challenge (Jacobson et. at 1982), and the NIH strain, which is known to 
develop rapid immunity to several intestinal nematodes (Behnke & Wakelin 
1977, Behnke & Robinson 1985, Wakelin 1975, Wakelin & Lloyd 1978). Female 
BALB/c mice can be vaccinated for accelerated rejection of H. po/ygyruS by 
prior implantation of living worms, while female CBA/H respond poorly, if at 
all, to this vaccination protocol (Day et. at 1979, Hurley et. a! 1980). Similarly 
SJLIJ females, but not C57BL/6 females, can be sensitized for accelerated 
rejection by injection of unembryonated eggs harvested from adult worms. 
Further evidence for the genetic regulation of the immune response against. 
H. po/ygyrus has been demonstrated, in breeding experiments with an initially 
outbred population. Mice were selected over 10 generations for high or low 
reponsiveness, on the basis of their fecal egg count after reinfection (Brindley 
& Dobson 1982a, Brindley & Dobson 1983a, Sitepu et. at 1986). No change in 
worm numbers was found in either selected group after 6 generations, 
whereas the egg counts in resistant mice continued to fall throughout the 10 
generations (Brindley & Dobson 1983a). Selection for increased rather than 
reduced resistance to reinfection to H. polygrus was easier to achieve. By 
backcrosses Sitepu et. at (1986) found the resistance to be polygenic. 
In general, immune responses to specific antigens are under direct genetic 
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control, which in certain cases is exerted through single genes located within 
the group of loci, which forms the major histocompatibility complex (MHC); 
many such MHC-linked immune response (IR) genes have been identified in 
the mouse (Shreffler & David 1975). Linkage to the MHC means that particular 
IR genes are associated with particular histocompatibility (H- 2) haplotypes. 
MHC-linkage has been demonstrated for resistance to H. polygyrus, in 
terms of its effect upon the parasite and reduced pathology, this improvement 
in resistance can be inherited as a dominant characteristic (Behnke & Robinson 
1985). Thus, the Fl progeny of crosses between resistant and susceptible 
mice show a level equivalent to that of the resistant parent. Resistance is 
dominant in (SJLí'J x C57BL/6) Fl but is better expressed in young Fl females 
compared with Fl males (Prowse & Mitchell 1980). In contrast, Liu (1966) found 
a cross between resistant and susceptible parents gave progeny that were 
more resistant than either parent. 
It now appears that genetic control of reponsiveness is mediated both 
through antibody production and the mechanisms of cellular immunity. Not 
only is the quantity of antibody produced against the parasite important but 
also the 'quality'. Dobson et. a/. (1982) passively immunised mice with serum 
from donors of different strains. In the donors a strong positive relationship 
was evident between anti-H. po/ygyrus antibody titre and active protective 
immunity in terms of number of worms recovered after single and multiple 
infections. However, while BALB/c, C31-1 and CBA mice attained similar 
anti-H. po/ygyrus antibody titres after a single infection, the primary serum 
from BALB/c mice gave better protection when transferred to Quackenbush 
recipients, than that from the other two strains (Dobson et. 81 1982). 
Similarly no significant differences in the anti-H. po/ygyrus serum antibody 
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levels in groups selected over 10 generations for resistance or susceptibility to 
the parasite have been found (Brindley & Dobson 1982b). However, after 
repeated challenge infections with H. polygyrus, sera from mice bred for 
resistance was more efficacious than that of susceptible mice in passivly 
protecting naive mice against H. po/ygyrus 
While a relationship has been demonstrated between circulating antibody 
titre in anti-serum to H. polygyrus and levels of protective immunity (Sitepu et. 
A 1986, Jenkins & Carrington 1981), cellular immune mechanisms may also be 
important. For example, a high immune response line infected with Toxocara 
can/s or H. po/ygyrus had high blood eosinophilia compared with low 
responder mice (Brindley et. a/. 1985). There also appears to be greater 
phagocytosis of heterologouS antigens in the responder mice (Sitepu et. at. 
1984). However, Jenkins & Carrington (1981) showed a greater activation of 
macrophages to heterologous antigens in Biozzi mice bred for low responder 
status to H. polygyrusthan those bred for high responder status. 
These data suggest that several different defects underlie the genetically 
based inability of some mice to reject H. po/ygyrus worms from their intestine. 
The genetic make—up of the host plays a major role in the outcome of an 
infection, determining whether it will react effectively against the parasite and 
ultimately expel the worm or succumb to the infection. It is therefore, of 
interest to study mice over this range of responsivnesS. In examining the 
immune responses which are peculiar to each host strain more insight may be 
gained on how the parasite is able to survive in an otherwise healthy host. 
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IMMUNOSUPRESSION DURING AN H. POL YG YR US INFECTION 
The complexity of the mammalian immune system, with its numerous 
regulatory checks and balances, provides a multitude of potential means by 
which parasites can modify host immune responses. Thus, although infections 
generally stimulate a variety of responses their most prominent feature is the 
ability of established parasites to survive in the face of potent host effector 
mechanisms (Leid & Williams 1979, Mitchell 1979). In fact, in relation to the 
discussion in the previous section, a contributing factor in host responsiveness 
may be strain differences in susceptibility to immunosuppression. 
Non-specific immunosuppression has been suggested as a mechanism by 
which a parasite can persist in a non-secluded site in an immunocompetent 
host (Ogilvie & Wilson 1976, Playfair 1978). However, immunosuppression is 
only effective if it results in partial inhibition of certain selected antiparasitic 
immune responses. In a natural host-parasite relationship, there would appear 
to be no advantage to the parasite in producing severe immunosuppression: 
the life of the host (and thus the parasite) would be threatened by secondary 
infection, particularly when a suboptimal nutritional state also prevails. One 
consequence of a degree of immunosupression in protozoan infections may be 
to produce conditions in which the parasite is capable of rapid proliferation 
with attendant differentiation (to other antigenic forms), resulting in a 
reduction of the rate at which variant- specific immunity develops. As a result 
of this the parasite will keep ahead of the 'floundering' immune response, but 
parasite burdens will be maintained at tolerable levels. An evaluation of 
immunological suppression is essential for the development of immunological 
control of the parasitic disease and for the optimization of other vaccination 
schedules for parasitised individuals. 
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Infection of mice with H. polygyrus has now been shown to modulate the 
hosts' responsiveness to a variety of unrelated antigens, including those of 
other parasites. For example, Colwell & Wescott (1973) noted that the egg 
production and longevity of N. bras/liens/s was significantly prolonged in mice 
concurrently infected with H. po/ygyrus Jenkins (1975) transferred 
N. brasilensis from a double infection into a naive mouse and found the higher 
egg production and longevity was maintained, suggesting that H. po/ygyrus 
reduced the worms' immunogenicity to their hosts. Prolonged survival of 
Hymenolepis cite/li and T. muris has also been found in mice harbouring an 
infection with H. po/ygyrus(Alghali et. al. 1985; Jenkins & Behnke, 1977). 
In concurrent infections of T. spiralls and H. po/ygyrus, the latter has been 
shown to interfere with both the induction of immunity to T. spiral/s in primary 
infections and the expression of immunity to challenge infections (Behnke et. 
al. 1978). Both larvae and adult worms were able to induce suppression, and 
the delay in expulsion of T. spiralls was directly related to the size of the 
H. polygyrus infection (Behnke et. al. 1978). MLN cells, taken from such 
concurrently infected mice, failed to transfer a significant degree of immunity 
to T. spiralls after injection into a recipient. Cells from mice infected with 
T. spiralls alone did so successfully (Hagan & Wakelin 1982). The presence of 
H. po/ygyrus thus modified the immune and immune-mediated inflammatory 
components involved in the process of parasite expulsion (Wakelin & Wilson 
1980). Additionally, it has been found that peritoneal macrophages harvested 
from H. po/y,gyrus infected mice produced inhibited the growth of B. microti in 
vitra provided the cells were obtained during the larval stages of infection. 
Macrophages obtained after adults had established in the intestine were less 
effective (Mzambe et. al. 1984). 
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This nonspecificity of immunosuppression is further emphasised by 
reduced responsiveness to a variety of heterologous antigens. Mice infected 
with the influenza A 2 virus and H. po/ygyrus produce a lower antiviral antibody 
titre than those mice experiencing the virus alone (Chowaniec et. al. 1972). 
Ali & Behnke (1984), studied the different stages of the parasite's life cycle by 
the use of (1) irradiated larvae, (2) truncated infections in which the adult 
worms were removed before maturation and (3) transplanted adult worms. 
They demonstrated that both larval and adult stages of the parasite 
H. polygyrus cause non-specific immunodepression of the response to SRBC 
as measured by haemagglutination and plaque-forming responses. However, a 
number of workers have found that adult rather than larvae H. po/ygyrus were 
responsible for the majority of the immunosuppressiOn observed in infected 
mice. A direct correlation has been found between the degree of depression 
and the level of infection (Ali & Behnke 1983). 
When H. polygyrus in mice were removed by anthelmintic the level of 
protection against reinfection was greater than when reinfection was 
superimposed on the existing infection (Cayzer & Dobson 1983). This has 
been found in mice selectively reared as innately refactory to primary H. 
pal ygyrus infections (Brindley & Dobson 1982b). Mice immunised by a single 
infection with 25Krad-irradiated L3 of H. po/ygyrus were very resistant to 
subsequent challenge. However, when normal larvae were administered 
together with irradiated larvae at immunisation, the acquired immunity 
expressed against a challenge infection was markedly depressed (Behnke et. al. 
1983). The results from these experiments suggest that adult parasites are 
responsible for the depressed immune response in the mouse and this may 
have the effect of prolonging their survival. 
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Suppression by soluble adult factors was demonstrated in vivo by Pritchard 
& Behnke (1985). Mice previously immunised were treated daily with 
H. po/ygyrus adult homogenate antigen and immunity was abolished. This 
suggests that soluble adult antigens are capable of preventing the expression 
of immunity to H. i07ygyrus Repeat exposure to the parasite may not produce 
the expected increase in protection. A range of immune sera, from donor mice 
given 1-7 concurrent or anthelmintic terminated infections, all depressed larval 
survival to the same extent following incubation in vitro, independently of the 
number of times that donor mice were exposed to the parasite (Dobson & 
Cayzer 1982a). It has been suggested that immunosuppression may result 
from molecules released into the mice by the parasite (Mitchell et. al. 1982). 
Serum from donor mice infected once only with 400 larvae, with high 
anti-parasite titres, does not passively immunise recipient mice against 
H. polygyrus as effectively as serum with lower antibody titres from other 
donor mice infected with 50 larvae (Dobson & Cayzer 1982b). Dobson & Cayzer 
(1982b) demonstrated that the passive protection properties of donor serum 
decrease with the length of time of the infection; for example 14 day sera was 
more protective than 28 day sera. These results suggest the presence of 
immunosuppresive activity in the serum and show that its activity is 
proportional to the dose of H. polygyrus used to infect the mice. During the 
tissue stages of the parasite there is close contact between the host and the 
larvae or young adults, allowing easy transfer of these secretions. In the adult 
phase of the life cycle, in which greatest immunosuppressiOn occurs, the 
efficient transfer of these factors would seem more difficult. The parasites lie 
in the lumen of the gut, bathed in the gut contents and with reduced access 
to the circulatory and hence immune system. 
The mechanism by which these factors are able to modify the hosts 
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immune reactions are uncertain. However, larvae of H. po/ygyrus cultured in 
vitro produced a dialysable, 14,000 mol wt immunosuppressive factor (Losson 
et. al. 1985) which inhibited the proliferation of splenic lymphocytes from 
normal mice and sheep in the presence of PHA, Con A and lipopolysaccharide 
(LPS) mitogens. These results imply that the factor affected both I and B 
lymphocytes. 
Price and Turner (1986b) found crude saline extracts of adult H. polygyrus 
and N. bras//ens/s worrfis, administered with an intraperitoneal injection of 
ovalbumin (OA) on Al(OH) 3, depressed the primary and secondary lgG 
responses, delayed type hypersensitivity (DTH) and in vitro splenic 
lymphoproliferative responses to OA. The suppressive agent was trypsin 
sensitive. The extracts had little effect on the uptake of 1251_ PVP from the 
peritoneum or on peritoneal macrophage activation as assesed by cell 
numbers, lymphocystostatic potential and acid phosphatase activity. When 
present in culture of normal spleen cells, the extracts impaired mitogen - 
induced lymphoproliferation if they were added with or before the mitogen 
(Price & Turner 1986b). The mechanism was a form of T-dependent 
suppression, possibly at the inductive phase of the immune response. Further 
evidence for T cell involvement was seen in infected C57B1 mice which show 
depressed DTH responses to OA administered subcutaneously in Freund's 
complete adjuvant (Price & Turner 1987). This reduced responsiveness 
developed during the period of migration from the duodenal wall into the 
lumen. N. brasiiensis infections produced only marginal suppressiOn, which 
was lost if rejection had begun before the mice were immunised. This implied 
that such suppression of DTH was linked to the ability of H. polygyrus to 
remain in the host. DTH responses have been reported to be depressed by 
other parasites, for example, Ascaris suum (Crandall & Crandall 1976) and 
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Tn,.'panosoma lirucei (Askonas et. at 1979). 1 suppressor cells specific to the 
DTH responses generated by the parasite could be responsible for these 
occurences. 
Further support for immunosuppression by adult derived antigens comes 
from work in which adult homogenates of H. polygyrus were shown to be 
capable of suppressing an immune response to a heterologous antigen, SRBC 
(Pritchard at. al. 1984a). The mechanism that produced the 
immunosuppression was unlikely to be simple antigenic competition as, when 
foetal calf serum (FCS) was injected, it had no significant effect on the 
plaque-forming response. Spleen cells from animals injected with the adult 
homogenate transferred suppression to naive recipients, suggesting that the 
immunosuppression may be cell mediated. Deoxyguanosine treatment 
restored the immune response. This is an inhibitor of I suppressor cell activity 
(Dosch at. at 1980), which therefore implicates these cells in the reduced 
immune responses occurring during infections. However, deoxyguanosine 
treatment fails to affect parasite survival, therefore suppressor T cells are not 
the sole reason for the suppression (Pritchard at. at 1984a). 
There are several helminths which exert non-specific immunosuppression 
whilst inducing cellular and humoral responses to homologous antigens, for 
example Strongv/oides ratti and T spiral/s (Genta et. at 1983, Barriga 1975). 
Parasite-mediated modulation does not necessitate a total ablation of immune 
responsiveness or even a suppression of the expression of responses to 
parasite antigens, as has been demonstrated with filarial worms and 
Haemonchus contortus(Piessens at. al. 1980, Adams 1983). Rather, there must 
be complex regulatory processes involving many aspects of the immune 
system which selectively limit those responses which could mediate rejection. 
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Understanding of these mechanisms is essential for the immunological control 
of parasitic disease. 
It is now possible to distinguish between suppressor/cytotoxic T cells and 
helper T cells on the basis of their surface antigens, in particular, the CD4 
(L3T4) and CD8 (Lyt2) molecules (Dialynas et.a/. 1983, Cantor et. a. 1976). 
Thus, one approach to studying the cellular basis of immunosuppressiOn is to 
investigate possible changes in the frequency of T cell subsets. 
OVERVIEW OF THE PRESENT STUDY 
It has been suggested that the interactions between H. po/ygyrus and its 
host provides a good laboratory model for human hookworms and other long-
lived gastrointestinal nematode infections. It also provides a convenient 
system in which to analyse the cellular responses - 
which may underlie tolerance of the parasite in susceptible hosts. 
In this project, a detailed study has been made in three strains of mice 
after single or multiple infections with H. po/ygyrus The three strains used, 
BALB/c, CBA and NIH were known from previous studies to span the range of 
responsiveness shown to this parasite. CBA is regarded as a susceptible 
strain, BALB/c as intermediate and NIH as a good responder. However, none 
of these strains are able to mount an effective response during primary 
infections, and it is only after challenge that the differences in their level of 
resistance become apparent. - 
This study has concentrated mostly on primary infections since it seemed 
reasonable to predict that the foundations of the immunity which is capable of 
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controlling H. polygyrus in BALB/c and NIH mice are laid during first exposure 
to the parasite. On this prediction, distinctive responses in the three strains of 
host might be expected during a primary infection, and the cellular basis of 
CBA susceptibility might emerge. 
Should this prove not to be the case, strain differences would need to be 
explained in terms of parasite-induced modulation of the response to 
challenge. Immunosuppression is known to be induced by H. po/ygyrus, even 
during a primary response, but whether it affects various strains to different 
extents, perhaps in relation to MHC haplotype, remains unclear. Nor is the 
exact form of this immunosuppression known, although defects have been 
observed in both I and B cell populations. 
In an attempt to provide answers to some of these questions and to 
extend our knowledge on the lymphocytic responses to gastrointestinal 
nematodes, a comparative study has been made of cellular changes in draining 
lymph nodes, spleen.& blood during H. po/ygyrus 
infections in the three strains of mice. Two main experimental approaches 
have been used; analysis of proliferative responses, and analysis of changes in 
the cellular composition of the various tissues. In the latter case an important 
tool has been flow cytometry which, in combination with antibodies against 
cell surface markers, has allowed identification of participating lymphocyte 
subsets. This has allowed specific questions to be addressed; for instance, is 
immunosuppression in H. po/ygyrus infected mice associated with alterations 
in the helper/suppressor cell ratio? It has also made possible an investigation 
of the cellular basis of one of the characteristic features of H. po/ygyrus 
infections, the IgGi hypergammaglobinaemia. 
Since antibody has been implicated at least as a component of the host- 
protective response, a radioimmunoassay was developed so that the levels of 
parasite specific antibody could be determined in the three strain of mice. It 
was anticipated that careful analysis of their responses to various stage-




MATERIALS AND METHODS 
MICE 
The mice used in these experiments were inbred NIH (Harlan Olac 
Ltd.,Blackthorn, England), CBA and BALB/c (Edinburgh University stock). These 
were maintained under conventional conditions with BP Rat and Mouse No.1 
Standard Maintenance Diet and with Expanded Diet No. 3 for breeding (BP, 
Special Diet Services). Chlorinated tap water was provided ad I/b/turn At the 
commencement of an experiment male mice of 10 to 12 weeks old were used. 
Mice were sacrificed by cervical dislocation. 
PARASITES AND INFECTIONS 
The parasite, H. po/ygyrus was obtained from Dr J. Lewis, Royal Holloway 
College, University of London in 1983, and maintained as stock infection in 
inbred CBA mice. The infective third stage larvae (L3) of H. po/ygyrus were 
given orally by stomach tube, with the required number of larvae in 0.2m1 
aqueous suspension. Eggs were harvested after 3-6 weeks of an infection in 
order to maintain virulence and immunogenicitv (Hepler & Leuker, 1974). 
Faecal pellets were collected from infected mice and comminuted with distilled 
water then centrifuged for 4 minutes at 200g. The resulting sediment, 
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containing eggs, was mixed with flakes of charcoal to minimise pH 
fluctuations. This material was then placed on to moist cottonwool in a 
closed Petri dish and incubated at 21 0C. The contents of the Petri dish were 
kept damp by a moist filter paper on 'the lid of the dish. Larvae were 
harvested after 8-10 days by pipette, washed 4 times in distilled water by 
sedimentation and stored at 4 0C. L3 infectivity is not lost over the first 17 
weeks if stored at 4 0C (Kerboeuf 1978a). The concentration of larvae was 
determined by using a McMaster  egg counting chamber. The suspension was 
then diluted prior to infection to give the required number of parasites in 
0.2ml. 
The infectivity of the larval cultures used in the experiments was assesed 
by worm recovery, from infected hosts. The small intestines were removed, 
placed in a Petri dish of warm PBS and slit lengthwise. Worm counts were 
then made under a binocular dissecting microscope. Counts made less than 
10 days after infection were less accurate than counts made later than 10 
days due to the difficulty in seeing tissue stages of the parasite early in an 
infection. 
Egg production during infections was estimated by collecting and weighing 
faeces, which were then ground in a solution of saturated NaCl. Eggs present 
were counted on a McMaster  slide, and results calculated as the mean number 
of eggs per gram of faeces. 
Termination of the parasite infections was achieved by administration of 
Pyrantel embonate (Strongid-P-paste, Pfizer Ltd., Sandwich, England), at a dose 
of 100mg pyrantal/lkg body weight, as an aqueous suspension orally. Egg 
counts to determine the efficacy of the drug were routinely carried out. 
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Asp/cu/uris tetraptera eggs were obtained by grinding faecal pellets in 
distilled water saturated with NaCl. A centrifuge tube was filled with this 
suspension, capped by a square glass coverslip, and centrifuged at 150g for 2 
minutes. The eggs were rinsed off the coverslip with distilled water, washed a 
further 3 times in PBS and incubated at 21 0C in PBS with penicillin-
streptomycin (10 units/ml, 10mg/mI) for 7 days, the incubating solution being 
renewed every second day. The concentration of embryonated eggs were 
adjusted to give the required dose in 0.2m1 of suspension. The eggs was then 
administered orally to the mice through a stomach tube. 
The intestinal parasite A. tetraptera is endemic in the mouse populations 
held at Edinburgh and was routinely monitored in all the experiments recorded 
here. It was not removed prior to experimental infection with H. po/ygyrus as 
it was considered that a low level of infection was preferable to the 
immunological activity stimulated by reinfection which may occur from other 
mouse populations. However, in some experiments anthelmintic was used to 
clear H. po/ygyrus A. tetraptera would also be removed in such cases 
allowing the possibility of reinfection. For this reason an experiment was 
undertaken to ascertain the consequences of such a reinfection on the 
proliferative responses in the spleen and MLN (mesenteric lymph nodes) of 
BALB/c mice. Following a challenge infection of A. tetraptera - most of the 
worms are lost in the third week of infection (Behnke 1974). This suggests 
that the greatest immune response is around this time and for this reason the 
cellular responses to infection with A. tetraptera were measured on days 14 
and 21. 
Mice were given doses of anthelmintic on days -2 and -1 followed by 150 
A. tetraptera eggs on day 0 and assayed on days 14 and 21. The 
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responsiveness was measured by the incorporation of 125 lododeoxyuridine 
(IUdR) into the dividing cells of the spleen and MLN of BALB/c mice. The 
animals were kept in a lamina flow hood throUghout the experiment to prevent 
any reinfection from outside sources. 
From the data presented in Table 2.1 there is no clear indication that 
A. tetraptera produced any significant immunological respones in animals 
receiving a challenge infection of the parasite. A slight rise in the lUdR uptake 
of the spleen was seen in the A. tetraptera infected mice, but this was not 
significantly higher on day 14 than the controls (p>0.05). The spleen weight of 
these animals was below that of the controls, while in the MLN proliferation 
remained unchanged. Under normal circumstances any re-exposure would be 
in the form of a trickle infection, providing even less of an immunological 
stimulus to that given here. 
To determine whether A. tetraptera infections had any effect on the 
immune response during H. po/ygyrus infections a second experiment was 
carried out. A concurrent infection with both parasites was compared with an 
infection in which A. tetraptera had been cleared prior to the H. polygyrus 
inoculation. The A. tetraptera infections in these CBA mice had been acquired 
under normal mouse house conditions. The infection was known to be 
present by egg counts. 
From the Table 2.2 it can be seen that there was no significant difference 
between the cellular proliferative response to H. po/ygyrus alone or when 
administered on top of the current A. tetraptera infection. The controls which 
had not been given H. po/ygyrus also had a similar lUdR uptake whether clear 
of A. tetrapteraor not. 
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TABLE 2.1 
Effects of A. 	 on DNA synthesis in 
	and lymph nodes 
of BALB/c mice 
Group Treatrrent 	 IUdR Uptake 
Spleen % 	Spleen 	MLN 
Control 	 5.21+.21 	3.98+0.11 	2.65+0.11 
Control 	 4.74±.14 	4.06+0.07 	2.68+0.08 
A. tetraptera 	 4.09+.20 	4.16+0.03 	2.68+0.07 
Day 14 
A. tetraptera 	 4.42+.15 	4.27+0.04 	2.75+0.01 
Day 21 
Group 1; no treatment. Group 2; three doses of anthelmintic paste on days 
-9, -8 and -4 and on day -3 eggs were looked for to establish the efficacy of - 
the anthelmintic; none were found. Groups 3 and 4 were treated as for group 2 
but in addition on day 0 infections of 150 A. tetraptera eggs were 
administered orally. Mice were assayed on either day 14 or 21 post infection. 
Spleen weight is given as a percentage of body weight, mean ± one SE. IUdR 
uptake in the secondary lymphoid tissues is expressed as mean 1og 
corrected cpm, ± one SE. Five mice per group. 
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TABLE 2.2 
Effect of concurrent A. tetraptera infections on respories to 







 No treatment 2.69±.12 
 A. tetraptera 2.35+.07 
cleared 
 A. tetraptera 5.60+.13 
cleared 
H. polygyrus (250L3) 
 H. polygyrus (250L3) 6.10+.13 
4.43+0.01 	3.46+0.05 
4.43+0.04 	3.49+0.03 
Group 1; no treatment. Mice in groups 2 and 3 were dosed with 
anthelmintic to remove A. tetraptera 7, 6 and 4 days before the time of 
H. polygyrus infection and checked for eggs 3 days prior to infection. 
Only groups 3 and 4 were infected with 250L3 H.polygyrus on day 0 and 
assayed on day 10. Measurements as for table 2.1 and six mice per group. 
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These two observations suggest that the presence of A. tetraptera had no 
effect on the immune responses to H. polygyrus as measured by the 
techniques used in this thesis. 
In addition to the experiments above a homogenate of adult A. tetraptera 
was analysed by electrophoresis on an SOS-PAGE gel (see Chapter 6 for 
details). After staining with Coomassie Brilliant Blue (CBB) none of the major 
proteins was found to be common to both A. tetraptera and H. po/ygyrus 
preparations. Immunoblots showed that the A. tetraptera proteins did not 
cross react with sera from H. po/ygyrus immunised animals. 
FLOW CYTOMETRY 
Quantitative fluorescence measurements were carried out using a 
Fluorescence-Activated Cell Sorter (FACS) IV (Becton Dickinson FACS Systems, 
Sunnyvale CA). The technique allows the separation of suspensions of 
dissociated cells into distinct subpopulatiOnS following incubation with 
fluorescein labelled antibodies specific for cell-surface markers (Parks et. al. 
1986). The 488nm argon ion laser was used for excitation of scatter and 
fluorescence signals. A logarithmic scale was used for the fluorescence and 
provided the best routine conditions for the analysis of lymphocyte subsets. 
Calibration prior to analysis was undertaken using 1.1i and 0.86p diameter 
microspheres (Polysciences, Warrington PA) giving negative and positive 
fluorescence respectively. 
Tissue preparation for FACS analysis 
Tissues to be analysed were removed from freshly killed mice, weighed 
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and dissociated in RPMI 1640 medium (Northumbrian Biologicals Ltd.) 
containing 3% BSA, buffered with Hepes and bicarbonate (Gibco, Paisley, 
Scotland). Sodium azide, 0.1%, was also included to eliminate the possibility 
of capping and loss of cell surface antigens during the staining procedures. 
Its presence at this concentration did not affect cell viablity. The dissociated 
tissues were then passed through a wire mesh sieve to give a single cell 
suspension. For further details on the reagents used in the experiments see 
Appendix 1. 
For the analysis of blood, mice were bled from the retro orbital sinus. 
Heparin, 10 units/ml, was included in the RPMI medium into which the cells 
were suspended. The cells were centrifuged for 10min at 450g and 
resuspended in RPMI medium. Red blood cells were removed by hypotonic 
shock by adding 4.5ml of distilled water for 12s followed by 0.5 ml of lox 
Hank's balanced salt solution (Gibco Ltd., Paisley, Scotland). Cells were 
centrifuged at 250g for 7min and white blood cells were resuspended in the 
RPM[ medium plus supplements. 
Total cell number and viability were counted under the fluorescence 
microscope after staining with acridine orange and ethidium bromide (AO/EB), 
which cause viable and nonviable cells to fluoresce green and orange 
respectively (Parks et. at 1979). Cell concentrations were adjusted to 10 7 viable 
cells/mi. 
Conventional techniques were used for the preparation and staining of 
cells (Micklem et. at 1980). Monoclonal antibodies were provided by Dr 
H. S. Micklem, Edinburgh University. Details of the rat monoclonal antibodies 
used are given in Chapter 4. Briefly, 20il of suspension containing 2X10 5 
viable cells were added to 50,zil of monoclonal antibody—containing supernatant 
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in a round- bottomed 96-well plastic tray (Sterilin Ltd., Feltham, England). 
These were incubated on melting ice for 40mm. The cells were then washed 
three times by centrifugation and resuspended in 50p1 of fluorescein 
isothiocyanate (FITC) conjugated goat anti-rat lgG (Tago inc., Burlingame, USA). 
The plates were held on ice for a further 40mm. After two washes the cells 
were resuspended in 200.il RPMI medium for FACS analysis. B lymphocytes 
were stained with rabbit anti-mouse lgG conjugated to FITC (Miles Scientific) 
in a one step staining process (Vitetta et. al. 1971). This reagent had specificity 
for both H and L chains. In some experiments the FIIC-Fab fragment of a 
similar reagent was used (Sigma Chemical Ltd., St. Louis, USA). 
RADIOIMMUNOASSAY 
Radioimmunoassay (RIA) provides a sensitive and convenient method for 
the quantitative analysis of antibody-antigen reactions (Newby et. al. 1986). 
In these experiments the radiolabel 1251  attached to a second step reagent, 
was used in a solid-phase assay. 
Preparation of the antigen 
Worms were harvested from male mice which had been infected (1) more 
than 21 days previously, to collect adult antigens, or (2) 6 days earlier to 
obtain fourth stage larval antigens. The small intestines of infected mice were 
removed, slit lengthwise, and incubated in sterile PBS, pH 7.2, for one hour. 
The worms were pipetted off, then washed 4 times by sedimentation in PBS 
and homogenized in a glass tissue grinder. The homogenate was centrifuged 
at 10000g for lOmins, and the supernatant recovered, aliquoted and stored at 
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- 70° C. 
Excretory and secretory (E/S) antigens were collected by incubating the 
washed worms in PBS overnight at 37 °C in a humidified 8% CO 2, environment. 
Supernates were removed from sedimented worms and spun at 10000g for 
lOmins to remove eggs and debris. The preparations were aliquoted and 
stored at - 70 ° C. 
The protein concentration of the homogenate and E/S antigens were 
determined by the Lowry method (Lowry et. al. 1951). Solutions of standard 
proteins of known concentration and test solutions were made up with 0.1M 
NaOH. Lowry Reagent (2m1) was added to each tube, followed 10 mins later 
by 200jil 1M Folin and Ciocalteu's phenol reagent (BDH Chemicals ltd, Poole, 
England). After being incubated at room temperature for 2 hours, absorbance 
in each tube was read at 700nm. 
Antis era 
Mice were bled from the retro orbital sinus into a glass test-tube, and a 
clot was allowed to form. This was separated by centrifugation and the sera 
pipetted off, aliquoted and stored at -70 °C. 
RIA method 
The antigen solutions were diluted to 50pg/ml in a carbonate bicarbonate 
buffer, pH 9.6. Microtiter plates (Dynatech Laboratories Ltd., Billingshurst, 
England) were coated by incubating with 100)Jl of the antigen at 4 °C overnight. 
Plates were washed 5 times with a washing solution (Appendix 1) and 
incubated for 30mins at room temperature with "blotto", a milk protein which 
blocks non- specific binding sites. Antisera to be assayed were diluted to 
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1/640 in PBS, (a dilution which had been determined by earlier standardisation 
of the assay; see Chapter 6) and lOOpl of the sera was added to each well. 
The plates were incubated at room temperature for two hours then washed 
and blocked again, as described above. Radiolabelled anti-mouse Ig (NEN 
Research Products, Boston, USA) was then added to each well. This reagent 
was either a goat anti-ji chain (5 x iO 4 cpm/well) or a rabbit anti-chain (10 
cpm/well). The plates were incubated for another period of 60 minutes and 
after further washing, were cut up into individual wells. The amount of 
1251 in each well was determined using a Nuclear Enterprises gamma 
counter. 
Standard positive and control negative sera were assayed in conjunction 
with the experimental samples. The experimental results were expressed in 
relation to the amount of antibody in the positive standard, as indicated below. 
In addition, non-specific binding of the 1251-labelled reagents was measured in 
each assay by including a series of blanks as follows: 
no antigen; hyperimmune standard first step 
antigen, but no first step antibody 
no antigen or first step 
The cpm obtained from these blanks were generally very low. Despite this 
the mean cpm for standard, negative, and unknown serum samples were 
reduced by two steps before the final calculation: 
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1 by subtraction of the mean cpm from blank B 
2 by subtraction of the value (mean blank A cpmmean blank C cpm). 
The activity bound by each experimental serum was expressed as a 
percentage of the activity bound by the standard, after first subtracting from 
both the negative control values. 
Thus % cpm = (experimental cpm - negative control cpm) x 100 
(standard cpm - negative control cpm) 
Expressing the data in this manner has the advantage of enabling a direct 
comparison between the assays done on different days. It has the 
disadvantage that estimations of antibody concentration are relative rather 
than absolute, but it does allow reliable kinetic studies to be made. 
CELL PROLIFERATION IN SPLEEN AND LYMPH NODES 
Cell proliferation in the lymph nodes and spleen was measured by the 
incorporation of radiolabelled 1251-5-iodo-2'-deoxyuridine (IUdR, Amersham 
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International plc. Buckinghamshire, England), after the method of Huges et. al. 
(1964). IUdR is a thymidine analogue, labelled with gamma emitting isotopes of 
iodine, which is incorporated into mammalian DNA (Eldinoff at. al. 1960). The 
size of the natural thymidine pool is decreased by prior injection of 
Fluorodeoxyuridine (FUdR) which is converted in viva to fluorodeoxyUridylate, a 
nucleotide which binds to the enzyme thymidylate synthetase and thus inhibits 
the endogenous formation of thymidine (Cohen et. al. 1958). FUdR increases 
the incorporation when injected prior to the radioactivity (Huges et. a/. 1964). 
It was first used as technique for the detection of antigen-stimulated mitosis 
in bulk tissue by Makela & Mitchison (1965). 
Method 
The technique used was that described by Pritchard and Micklem (1972) 
who determined the quantities of FUdR and IUdR. Mice received an 
intraperitoneal injection of 5x10 3  moles FUdR in 0.2m1 sterile distilled water, 
followed one hour later by 1)JCi 1251UdR by the same route, and were killed 
two hours later. The whole organs under study were removed, weighed, and 
precursor not incorporated into the DNA was washed from the organs with 
several changes of 70% ethanol until the wash was free from activity (Bryant 
& Cole 1967, Elkins 1970). Individual nodes and spleens were counted for one 
minute in a Nuclear Enterprises gamma counter. To render the results of 
different experiments comparable, the activity of IUdR injected into each 
animal was determined and the counts recovered in each tissue corrected to a 
standard dose of 10 6  cpm. 
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LABELLED LYMPHOBLAST MOVEMENTS 
A method similar to that of Ottaway et. al. (1980) was used. MLN from 
donor mice, infected 7 days previously with 2501-3 H. po/ygyrus, were prepared 
at room temparature by gentle teasing of the nodes in RPMI 1640 medium 
containing 5% foetal calf serum (FCS) (Gibco Biocult Ltd). The dissociated 
tissues were passed through a wire mesh sieve to give a single cell 
suspension. The cells were incubated with 125 lUdR. Incubations were carried 
out in RPMI 1640 containing 5% FCS and 0.5uCi IUdR/10 7 viable cells/ml for 60 
minutes at 37 0C, in a shaking water bath. After labelling, cells were washed 
three times in medium alone (RPMI 1640 without FCS). Injected doses, 1.5-2.5 
X iO viable cells, were given through the lateral tail vein in 0.4m1 volume. 
Mice receiving the labelled cells were in groups of 5 and were either 
infected with 2501-3 H. po/ygyrus 7 and 21 days previously or uninfected 
control mice. Multiple samples of each injection dose were retained for 
counting of the administered radioactivity. The proportion of the injected label 
found in the tissues was determined 24 - hours after cell transfer. Immediately 
following death, tissues of interest were dissected, washed in saline and 
placed in containers for counting. The tissues were counted for one minute in 
a Nuclear Enterprises gamma counter and the results expressed as a 
proportion of the injection dose. 
ADULT INFECTIONS OF H. POLYGYRUS 
In some experiments, animals were infected with adult H. po/ygyrus which 
were introduced directly into the small intestine in a method similar to that 
described by Behnke et. al. (1983) Adult worms were harvested from donor 
mice infected with 250-3001-3, 14 to 28 days previously. These were washed 
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by sedimentation 4 times in sterile PBS, counted and the required number 
made up in 0.3 ml PBS. The recipient mice were anaesthetized with sodium 
pentabarbitone (Sagatal, May & Baker, Dagenham), shaved and cleaned with 
70% alcohol. A one cm incision was made to the right of the midline and 
approximately above the junction of the duodenum with the stomach. The 
proximal duodenum was extracted and punctured with a hypodermic needle, a 
cannula was inserted and 100 adult worms injected. On removal of the sheath 
the area around the wound was circumscribed by a purse string suture which 
was drawn and tied. The exposed intestine and peritoneal cavity were dusted 
with antibiotic powder (Cicatrin, The Wellcome Foundation Ltd, London). The 
body wall was closed with two sutures, dusted with antibiotic and the skin 
was closed with 2 or 3 stitches. The outside of the wound was sprayed with 
oxytetracycline hydrochloride BP and gentian violet (Alamyciri, Norbrook Labs 
Ltd, N. Wand) and protected with a covering of plastic skin (Nobecutane, BDH 
Pharmaceuticals Ltd, London). The mice recieved terramycin (Pfizer, Sandwich 
165mg/I) in their drinking water for a week after the operation. The mean 
worm recovery for CBA mice was 73.3 and BALB/c 73.5. 
SODIUM DODECYL SULPHATE POLYACRYLAMIDE GEL ELECTROPHORESIS 
(SOS-PAGE) AND WESTERN BLOTTING 
Antigens 
Worm antigens were produced using the techniques described for the RIA 
assays. The antigens were solubilized at 60 °C for two hours in 0.0625M Tris 
buffer containing 2% SOS and 5% 2-Mercaptoethanol. In addition, a small 
amount of bromophenol blue was added as a tracking dye. The samples were 
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centrifuged for lOmins at 10000g, and the supernates loaded onto the gel. 
Separation and identification of antigens 
Between 25 and 50ig of worm antigen proteins were applied to each lane 
of reducing SOS-PAGE gel and separated by electrophoresis, 40mA per gel for 
2 to 3 hours (Laemmli 1970). Proteins were either stained within the gels using 
CBB or transferred electrophoretically to nitrocellulose (Western blotting; 
Towbin et. al. 1979). The transfer was carried out overnight at a current of 
0.lmA per gel. After blotting the marker track was removed and stained with 
amido black. To prevent non-specific binding of antibody, the nitrocelluose 
sheet was incubated in 'blotto' for 1 hour. Sera diluted in 'blotto' were 
incubated with the nitrocellulose for two hours followed by two washes in PBS 
+ 0.1% Tween. Rabbit anti-mouse lgG Horse Radish Peroxidase (HRP) 
conjugates (Scottish Antibody Production Unit, Glasgow) were diluted in PBS + 
0.05% Tween and added to the nitrocellulose for a further two hours 
incubation. Some experiments used a rabbit anti-whole mouse antibody sera 
in which the anti- mouse lgG activity had been absorbed from the reagent 
prior to incubation. Bands produced by such blotting were due to non-lgG 
antibody. Following a number of washes the bands were developed by the. 
addition of H 202 in chloronapthol, methanol and Tris saline solution (see 
Appendix 1 for details of buffers and reagents). The bands became visible in 
5-1 Omins. 
STATISTICS 
Data are presented as mean values + one standard error of the mean (SE) 
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unless otherwise indicated. Statistical comparisons were by Student's t- test 
or, where parametric tests were not appropriate by Wilcoxon test (Sokal & 
Rohif 1980). In some experiments, comparisons were made of the rate of 
antibody production by linear regression and analysis of variance of the slopes 
at various stages of the response. The significance of the f values was 
determined by reference to standard tables. Differences giving a value of p< 
0.05 were regarded as significant. 
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CHAPTER 
THE CELLULAR AND PROLIFERATIVE CHANGES IN SECONDARY LYMPHOID 
TISSUES UJ A PRIMARY INFECTION OF H. POLYGYRL/S 
INTRODUCTION' 
In any infection inducing an immunological response there is a 
corresponding increase, in the activity of the cells within the secondary 
lymphoid tissues. They respond to the presence of antigens in an attempt to 
control the further spread of the invading pathogen and at the same time 
establish populations of memory cells capable of protecting against future 
infections. In animals undergoing a primary infection the extent of the 
enlargement of secondary lymphoid organs, and especially the proliferation of 
lymphoid cells within these tissues, reflects this immunological activity. 
Many workers have reported an increase in the size and weight of the 
secondary lvmphoid tissue during a primary infection of H. polygyrus from as 
early as day 3 (Liu 1965, Losson et. at 1985). Liu (1965) reported that the MLN 
increased in diameter in the relatively poor responder strain C3H and that the 
increase in size was accompanied by significant changes in architecture. It 
was suggested that these lesions in the MLN were most probably due to 
necrotizing substances released during the phase of larval migration in the 
intestinal wall in which the in vivo wandering of the larvae provoked early 
acute lymphadenitis. This was followed by immunological reactions inducing 
hyperplasia of the reticuloendothelial tissue of the lymphoid gland. Liu found 
that the spleen increase came after that of the MLN, suggesting that this 
organ was stimulated by necrotizing substances- released by the growing 
nematode in contrast to the earlier larval stimulation of the MLN. Others have 
found the reverse to be true (Ali & Behnke 1985, Losson et. al. 1985), with 
spleen enlargement preceeding that of the MLN in NIH mice. 
AU and Behnke (1985) weighed the spleens and MLN in three strains of 
mice of varying responder status and found that in the high responder strain, 
NIH, the enlargement of the MLN was secondary to that of the spleen. This 
was not so apparent in the less responsive C57BL!10 strain. They suggested 
that the MLN take over the main role of processing the antigens, a function 
attributed to the spleen in the early stages of an infection in the NIH strain. 
Splenomegaly can be accounted for by an increase in cellularity which 
appears soon after infection (Losson et. al. 1985). The MLN actually showed a 
fall in cellularity, with a depletion in particular of the T dependent paracortical 
area which was consistent with the reduced ability of the MLN cells to 
respond to the T cell phytomitogens, PHA and Con A, found by these workers. 
A proportion of the MLN cells might have migrated to the spleen with 
concomitant increase in responsiveness of the spleen lymphocytes to T—
dependent phytomitogens. The fall in weight of the MLN was less than the 
drop in cell numbers and histological studies attributed this to oedema 
affecting the node. Hagan and Wakelin (1982) similarly found a reduction in the 
MLN cellularity to about 90% of the controls on days 4 and 8. The MLN 
recovered to above control weight and cell number by day 15 of the primary 
infection. 
The experiments described in this chapter represent an attempt to explain 
50 
changes in organ size in terms of the proliferation of their cell populations. A 
direct comparison of the weights of these lymphoid tissues in three strains of 
mice which respond with varying success to a challenge H. poly,gyrus 
infection was studied first. This provided a simple quantitative comparison of 
the stimulated immunity between the strains over a period of 28 days after a 
single exposure to the parasite. Single infections of 250 H. po/ygyrus L3 were 
used to infect the mice and this can be considered a chronic infection since 
no expulsion of the parasite occurred. Some of the weight increase could be 
accounted for by oedema of the tissue (Losson et. al. 1985). The cell number 
in the affected tissue gave an indication as to the extent of this non-cellular 
weight rise, and for this reason cellularity was examined over the first four 
weeks of an infection. For an accurate assesment of cell multiplication the 
incorporation of 1251UdR into the DNA of replicating cells has been shown to 
be very successful (Pritchard & Micklem 1972). This technique was applied to 
study proliferative changes in the lymphoid tissues of H. polygyrus infected 
mice. 
The protracted spleen enlargement observed in all these studies implies 
that stimulation of the spleen as well as the MLN was still occurring during 
the adult stage of the infection. The administration of anthelmintics, in CFLP 
mice, soon after the emergence of the adult worms from the intestinal wall 
produces a rapid return to control weights in both these organs (Ali & Behnke 
1985). 
Where irradiated doses of larvae have been administered the MLN remained 
enlarged in contrast to the spleen which had returned to control values by day 
28 (Ali & Behnke 1985). The stunted larvae, which do not mature or leave the 
tissues of the small intestine under such conditions (Behnke et. al. 1980), 
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provide continuous stimulation for the MLN. The spleen would appear to have 
a secondary role to the MLN and be little effected by the H. polygyrus larvae. 
Despite this poor spleen response to irradiated L3, the MLN response alone is 
sufficient to stimulate immunity to challenge infections (Hagan et. a/. 1981). 
It is of interest to study such abbreviated infections because by reducing a 
normal H. po/ygyrus infection into separate maturation stages the influence of 
these on the immunity and responses stimulated can be assessed. In a 
preliminary study reported here some of the changes associated with these 
infections are described. 
In conjunction with the proliferative response seen in these secondary 
lymphoid tissues, a rapid increase in circulating leucocytes has been 
described, with peak levels six times those of controls being reached on day 7 
(Baker 1962). Ali & Behnke (1985)found a four fold increase in the blood 
leucocyte counts by day 7 for 3 different strains of mice. 
There can be little doubt that the pronounced leucocytosis in mice infected 
with H. po/ygyrus represents the immunological mobilisation of these cells. 
The destination of these cells is unclear. Worm expulsion is known to be an 
indirect expression of immunity, requiring the participation of inflammatory 
responses in the intestine (Wakelin & Wilson 1980). Such an expression of 
immunity in the intestinal mucosa is dependent upon the arrival of 
appropriately primed effector cells from the blood stream. 
Labelled lymphoblasts from the MLN have been shown to migrate to the 
lamina propria of the small intestine after intravenous transfer (Guy-Grand et. 
at 1974). Inability of the host to expel a primary infection of H. polygyrus 
could be attributed to the failure of immune cells to gain access into the 
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intestines; alternatively it may be due to some impairment of inflammatory 
responses. Hagan and Wakelin (1982) studied the migration of labelled 
lymphoblasts in a 4 day H. po/ygyrus infection; no decrease in the localization 
of these cells in the intestine was noted. A significant increase in cell 
localization was observed in the MLN of recipient mice and a slight increase in 
the spleen. During a double infection of T spiral/s and H. polygyrus there was 
not the usual T. spiral/s induced increase of cells localizing in the small 
intestine which is associated with single infections of T spiral/s They 
concluded that H. polygyrus is capable of affecting the normal course of 
intestinal immunity. How H. polygyrus affects labelled blast cell movements 
later in an infection is unclear and was studied here in the CBA strain. 
MATERIALS AND METHODS 
Groups of five mice were sacrificed between days 4 and 28 after infection 
with either 250 or 50 H. po/ygyrus larvae. Control groups on each of the days 
consisted of uninfected mice, age and strain matched, maintained under similar 
conditions as infected mice. The use of controls, other than above, is noted in 
the text for some experiments. Figures and tables give the mean value and 
show one standard error either side of this mean. Differences between the 
groups were assessed by applying the Student's t-test, at the level of p<0.05 
being considered significant. 
To compare the changes in weight of secondary lymphoid tissues during a 	- 
primary infection, the wet weight of the organ was measured and expressed 
as a percentage of the body weight. The presentation of data in this format 
minimises the variation between animals due to differences in body weight. 
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Cellularity was measured by the total number of nucleated cells in the spleens 
and MLN using the AO/EB technique. Linear regression and analysis of 
variance were used to determine the relationship between tissue weight and 
cellularity. 
Incorporation of the radiolabelled 5-iodo-2'-deoxyuridine (IUdR) has been 
extensively used to measure DNA synthesis and hence provides an estimate of 
cell proliferation (Huges et. a/.1964, Bryant & Cole 1967, Bennett et. a/. 1968, 
Dethlefsen 1971). The radiolabel was used here to measure cellular 
proliferation in secondary lymphoid tissues of infected mice according to the 
method in Chapter 2. Sample doses of the lUdR were put directly into vials 
and counted; this allowed a direct comparison of experiments carried out on 
different days to be made. The radioactivity counts were log transformed to 
bring them into conformity with the normal distribution. The significance of 
the differences between groups was evaluated on the mean of the 
transformed data. 
The infective L3 stages of H. po/ygyrus were exposed to gamma irradiation 
from a Caesium 137 source, and received a dose of 30Krads. 
Worm recovery 
In all experimental infections undertaken a worm recovery count was made 
where possible. This was to ensure that the infection rate of the parasite was 
maintained at a constant level. Virulence and immunogenicity of H. po/ygrus 
are known to vary with the length of the passage (Hepler & Lueker 1974). 
There is also the possibility of genetic drift when the parasite is maintained in 
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recovery in 2501-3 infections for the three strains of mice. The data were 
calculated from pooled worm recovery data for IUdR, FACS and miscellaneous 
experiments over the 10 to 28 day period of primary infections. The number 
of mice assayed on any one day varies between 7 and 22. The data show a 
consistent worm recovery in all strains. A three month assay of CBA and 
BALB/c shows no large drop in the worm recovery with 124.8 and 125 
counted, respectively. The 501-3 CBA infections had a similar proportional 
worm recovery to the 2501-3 infection with a mean of 30.7+1.5 for days 10 to 
28. The three month value of 28.2+1.8 was not significantly different. This 
illustrates the long term nature of an H. po/vgyruS infection in most strains of 
mice. 
RESULTS 
Changes in the weight of secondary lymphoid organs 
Figures 3.2 and 3.3 show the relative weights of the spleen and MLN, 
expressed as percentages of the body weight, for the three strains of mice 
during a primary infection of H. po/ygyrus All three strains received a dose of 
250L3 H. po/ygyrus In addition another group of CBA mice were given the 
smaller dose of 501-3. 
In all infections there was an increase in the relative wet 
weight of the 
MLN and spleen 	beginning as early as 	2 	days 	after infection. 
The greatest 
MIN weight increase was seen in the intermediate responder strain, BALB/c, 
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Figure 3. 2 The mean mesenteric lymph node weight expressed as a 
percentage of body. weight, + one SE, after a primary infection with either 
2501-3 or 501-3 H. polygyrus over a 28 day period in three strains of mice. 
Horizontal line represents the mean value for uninfected control mice, -4- one 
SE(n=14, 10, 10 for CBA, BALB/c and NIH respectively). Figure A CBA 250L3; B 
BALB/c 2501-3, C NIH 2501-3, D CBA 501-3. 
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Figure 3.3 The mean spleen weight expressed as a percentage of body weight, 
+ one SE, after a primary infection with either 2501-3 or 500 Al. po/ygyrus over 
a 28 day period in three strains of mice. Horizontal line represents the mean 
value for uninfected control mice, one SE(n=15, 9. 10 for CBA, BALB/c and 






































10 	20 	30 
FIGURE 3.3P 
DAYS AFTER INFECTION 
FIGURE 3.3B 
































10 	 20 	30 
FIGURE 3.3C 
DRYS AFTER INFECTION 
FIGURE 3.3D 
DAYS AFTER INFECTION 
which showed a peak at day 14, nearly 3 times that of the day 0 value. NIH 
nodes on the other hand showed no clear peak, but rather a continuing rise 
throughout the 28 day period of study. The length of this increase was not 
investigated. In a three month assay of the BALB/c strain the MLN weight had 
returned to its control values. In the CBA 250L3 infection the MLN weight 
increase followed closely the changes seen in the spleen weight, returning to 
control levels by 3 months. The CBA mice infected with the smaller dose of 
parasites showed a peak on day 14 with a value only slightly less than that for 
the larger infection dose. However, this response was more transient and by 
day 21 had returned to control values. At three months relative node weight 
had fallen slightly below that of uninfected animals. 
The spleens of the BALB/c and NIH mice had doubled in weight by day 10 
(Figure 3.3). The spleens of NIH mice maintained this weight until day 21, after 
which they decreased in size, but remained well above control levels. BALB/c 
spleens showed a gradual weight loss from the day 10 peak and by day 28 
were only slightly above the uninfected mouse level. The CBA mice with a 
250L3 infection had their highest spleen weights from days 10 to 14 and by 
day 28 these were still well above control values. Relative to their control 
figure, the proportional increase in CBA mice was similar to that found in 
BALB/c and NIH spleens. The increase in CBA spleen size induced by a 501_3 
infection was much smaller than that seen in the 250L3 infection, with the 
largest spleens occuring around days 8 and 14, and falling thereafter to the 
control weight by day 21. A three month assay of the two CBA and the BALB/c 
infections showed them all to be at uninfected levels. 
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Changes in the cellularity of secondary lymphoid organs 
In order to confirm that the changes in organ size and weight recorded 
above were due to changes in their cell content, groups of CBA and BALB/c 
mice were infected with 2501-3, and the cellularity of the MLN and spleen was 
analysed at intervals up to 28 days. The results are given in Figures 3.4 and 
3.5. Also included in these Figures are similar data for NIH and CBA mice, 
infected with 2501-3 or 501-3 respectively, which were obtained during the 
course of the FACS analysis (see Chapter 4). 
In NIH mice, changes in MLN cellularity showed a similar pattern to 
changes in MLN weight observed, and continued to rise in the 4 weeks 
assayed after infection (Figure 3.4). In the BALB/c strain MLN cellularity peaked 
at 5 times the control level, one week after the highest MLN weight. Cell 
numbers were still high at day 28, but had returned to control levels by three 
months. CBA mice with 2501-3 H. pofygyrus had a peak MLN cell number twice 
that of controls on day 14, and again at day 28 cellularity was still above 
background. The 5013 infection produced no evidence of significant changes, 
fluctuating around control levels, during the four weeks studied. 
Spleen cellularity showed the largest increase in the high responder NIH 
strain, the peak on day 10 being nearly 3 times the resting level (Figure 3.5). 
On the last day of infection assayed, day 28, cell numbers had fallen but 
remained above the control value. BALB/c spleen cellularity peaked on the 
same day and had a second peak on day 21, although the decline on day 14 
may be misleading. CBA 501-3 infection also showed a significant increase in 
spleen cell number on days 7 and 10. The 2501-3 infection of this strain 
showed no fall after a peak on day 10, remained well above control values to 
day 28 and even 3 months after the infection was higher than the control. In 
general the data supported the view that changes in spleen size were largely 
ME 
Figure 3.4 The mean number of nucleated cells, + one SE, in the mesenteric 
lymph nodes after a primary infection with either 2501-3 or 501-3 H. po/ygyrus 
over a period of 28 days. Horizontal line represents the mean value for 
uninfected control mice, + one SE (n= 14, 10, 10 for CBA, BALB/c and NIH 
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Figure 3.5 The mean number of nucleated cells, + one SE, in the spleen after a 
primary infection with either 25013 or 50L3 H. po/ygyrus over a period of 28 
days. Horizontal line represents the mean value for unifected control mice, + 
one SE (n=15, 9, 10 for CBA, BALB/c and NIH). Figure A CBA 250L3, B BALB/c 
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due to changes in their content of nucleated cells. 
When the cellularity and weight of the tissues in the individual mice mice 
were plotted against each other a direct correlation between the two was 
apparent (data not shown). Regression analysis of the data further emphasized 
this relationship and a highly significant correlation (p<0.001) was found in the 
MLN and spleen of CBA and NIH infected mice. In the BALB/c the level of 
significance was slightly lower (p<0.05). These results suggest that the weight 
changes were largely due to the cellularity increases. 
Changes in the cellular proliferation within secondary lymphoid tissues 
The question of whether the changes in size and cellularity noted above 
could be attributed to a proliferative response within the tissues concerned 
was investigated using the thymidine analogue, lUdR. The results are plotted 
as the mean corrected and transformed cpm (Figures 3.6 and 3.7). Groups of 
5 mice were assayed at intervals after infection. 
The cellular proliferation of the MLN in uninfected (Figure 3.6) mice was 
similar for the three strains, though NIH had a slightly lower IUdR uptake than 
CBA and BALB/c mice. The spleen in comparison showed control values with 
a much larger variation between the strains (Figure 3.7); the mean figure for 
NIH and BALB/c of around 4.20 was significantly higher than the CBA value of 
just over 3.60. 
Following infection with 2501-3, the lUdR uptake in the MLN of all three 
strains showed a very clear peak on day 7 after a steady rise from day 0 
(Figure 3.6). NIH and BALB/c produced very similar cellular proliferation 
profiles, remaining well above control values at least until day 28, the last day 
investigated. In CBA mice, infected with 2500 H. po/ygyru.% the cellular 
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Figure 3.6 The incorporation of 125IUdR into the dividing cells of the 
mesenteric lymph nodes of mice after a primary infection with either 2501-3 or 
501-3 H. po/ygyru.s expressed as mean log 10 corrected cpm, + one. SE. 
Horizontal line represents the mean value for uninfected control mice (n=98, 
38, 26 for CBA, BALB/c and NIH respectively), + one SE. Figure A CBA 
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Figure 3.7 The incorporation of 125IUdR into the dividing cells of the spleen in 
mice after a primary infection with either 2501-3 or 501-3 H. po/ygyru.s 
expressed as mean log 1 0 corrected cpm, + one SE. Horizontal line represents 
the mean value for uninfected control mice, + one SE (n=99, 39, 26 for CBA, 
BALB/c and NIH respectively). Figure A CBA 250L3, B BALB/c 2501-3, C NIH 
2501-3, D CBA 501-3. 
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multiplication in the MLN was very close to control values by day 28, although 
a 3 month assay showed them still to be significantly above the control. In 
this same strain infection with 501-3 also induced an early proliferative 
response with a peak on day 6 which was lower than that following infection 
with 2501-3. Furthermore, cell division had returned promptly to control levels 
by day 21. 
The spleen in the 501-3 CBA infection followed a similar pattern to that 
observed in the MLN with a peak on day 10, 4 days later than the nodes. 
Once again by day 21 it was at control levels (Figure 3.7). Peak uptake in the 
spleen of all three strains with 2501-3 infections was between days 10 to 14, 
lagging a few days behind that of the MLN. The fall in lUdR incorporation was 
followed soon after this point by a plateau above control levels in the BALB/c 
and CBA strains. Three months after the initial infection proliferation had 
returned to that of control mice. As early as day 21 the cellular multiplication 
in NIH mice had returned to its high control level. 
The very similar kinetics of the reactions produced over the 28 days 
suggest that H, po/ygyrus in the MLN and to an extent in the spleen, was 
stimulating and producing comparable immune responses in the three mouse 
strains, despite their differences in responder status. 
Experiments in CBA mice with truncated infections 
Behnke and Robinson (1985) classified CBA mice as low responders on the 
basis of their inability to clear a secondary challenge after dosing with a 
standard abbreviated infection. In their experiments adult worms were cleared 
from primed mice with anthelmintic treatment commenced on day 9. Thus the 
low responder status of CBA mice was established on the basis of their 
response to a largely larval stimulation. In an attempt to discover whether 
exposure to larval antigens only induced a modified/abbreviated proliferative 
response within the lymphoid tissues of this strain,two preliminary 
experiments were set up. In the first of these experiments, infections were 
terminated by doses of anthelmintic, following a regime similar to that used by 
Behnke and Robinson (1985). In the second experiment larvae were irradiated 
prior to oral administration (Behnke et. al. 1980). 
Adult H. polygyrus can be removed from the intestine by 3 daily doses of 
pyrantel embonate starting on day 8 after L3 administration. Table 3.1 shows 
the proliferative response in CBA mice infected with 2501-3 and treated with 
anthelmintic on days 8, 9 and 10. IUdR uptake into the spleen and MLN was 
assayed an days 14 and 21 after initial infection. One control group was given 
anthelmintic on the same days as the experimental mice, while a second 
control group was left untreated. 
The anthelmintic regime was successful in removing over 99% of an 
infecting dose. The drug by itself had no effect on the proliferative response 
of the tissues in treated mice (Table 3.1) or on the spleen size. Tests on the 
effect of the drug on the immune response after the administration of an 
unrelated antigen, sheep red blood cells, showed it had no effect (data not 
shown). The clearance did not lead to any reinfection with A. tetraptera during 
the short interval prior to assay. Thus there was no outside influence affecting 
the immune responses being assayed. The result of the removal of an 
infection allowed the possibility of a recovery in the secondary lymphoid 
tissues. The first assay was carried out on day 14. 4 days after the last dose 
of anthelmintic, and proliferation was found not to be significantly different to 
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TABLE 3.1 
Cellular proliferation in the tissues of CBA mice after anthelmintic 
termination of an H. polygyrus infection 
IUdR UPTAKE 
Group Treatirent 	MWR 	SPL % 	SPLEEN 	MW 
Uninfected 	- 25.7 3.62 2.91 
Uninfected 	- 23.9 3.64 2.91 
+ arithel. +0.7 +0.04 +0.03 
14 day inf. 	1.4 41.7 3.98 3.05 
+ anthel. +0.5 ±3. 1 . +0.08 
21 day inf. 	2.0 28.7 3.83 2.99 
+ anthel. +0.5 +3.7 +0.04 +0.07 
The IUdR uptake in groups of five CBA mice assayed after clearance of H. 
polygyrus with Pyrantel embonate. IUdR uptake is expressed as mean log 10 
corrected cpm, + one SE. 	SPL %, is the spleen weight expressed as a 
percentage of the body weight, mean ± one SE. 	Group 1, uninfected. Group 2, 
uninfected, dosed with the arihelmintic and assayed 4 days after the end of 
treatment (day 14). 	Groups 3 and 4, infected with 250L3 H. polygyrus, 
cleared of worms on days 8, 9 and 10 and assayed on 14 or 21 days after 
infection. 
that in a normal 2501-3 infection. However, by day 21 the cellular response was 
significantly less in comparison with an unabbreviated infection and was only 
slightly above uninfected control levels . It can be concluded from these 
results that the continued enlargement of both organs during a primary 
infection was dependent on the presence of adult worms in the intestine. 
Irradiated larvae infections 
The use of irradiated larvae is another method which enables the mouse to 
experience a larval infection alone by preventing the maturation to adult 
stages of the parasite. Previous reports demonstrated that such treatment 
would halt the maturation of the tissue stages of the parasite, and that few if 
any adults would emerge into the lumen (Behnke et. al. 1980). However, this 
was not the case in this experiment in which the irradiation slowed the 
maturation but did not prevent it (Table 3.2) By day 7 less than 10% of the 
worms counted were in the lumen, which is a much lower proportion than that 
seen in a normal infection and by day 10 a few still remained in the wall of 
the intestine. On days 10 and 14 the cellular proliferation was significantly 
higher (p<0.05) in both lymphoid organs of the irradiated infection compared to 
that found in a normal infection (Figure 3.6a, 3.7a). By day 21 it had fallen 
back to levels not significantly different form the normal 2500 infections, 
though on all ocassions remaining above uninfected values. 
The spleen weight changes associated with the irradiated infection were 
significantly (p<0.05) above the normal 2500 infection level on days 7 and 10, 
but, by day 14 there was no notable difference between the two infections. 
The results suggest that the larvae were possibly more immunogenic than the 
TABLE 3.2 
Cellular proliferation in tissues of CBA mice infected with irradiated 
H. polyqyrus 
Day after MWR SPL % IUdR UPTAKE 
infection SPLEEN MLN 
tJnifected - 2.30 3.79 3.00 
- +0.10 +0.03 
7 98.8 4.90 4.24 3.67 
+16.8 +0.17 
10 95.0 5.99 4.47 3.43 
+12.1 +0.30 ±• +0.02 
14 132.0 6.06 4.30 3.26 
±8 . 0 +0.44 +0.06 
21 140.0 4.31 4.02 3.13 
±13.8 ±0. 29 +0.18 +0.15 
The IUdR uptake, from day 7 to 21, in the secondary lymphoid tissues of CBA 
mice infected with 250 irradiated larvae (30Krads). Five mice assayed on each 
day and the mean log corrected c, +one SE, is shown for spleen and 
mesenteric lymph nodes. MR, the worm recovery data, ± one SE. SPL %, 
spleen weight is expressed as a percentage of body weight, mean ± one SE. 
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adults. This heightened immunogenicity may be derived from the damaged 
worms releasing larger amounts of antigens. 
Since this strain of parasite proved to be exceptionally resistant to 
irradiation, it is difficult to be conclusive with these results. Analysis of the 
irradiation level necessary to drastically reduce the maturation and emergence 
of the worm suggested a dose of over lOOKrads was required to produce an 
emergence rate proportional to that found by Behnke et. at (1980) with 
25Krads. Such a dose proved fatal to the vast majority of the parasites and 
such larvae were less immunogenic, as measured by spleen weight increase, 
than those exposed to a lower dose (data not shown). 
Female CBA infections 
In infections of mice there is often found to be a variation in responsivness 
based on the sex of the animal. This has been shown to be true of certain, if 
not all, strains of mice given an infection of H. po/ygyrus In general female 
mice are more resistant to the infections (Sitepu et. at 1986), though like 
many variations in strain responsivness this is only manifest in secondary 
infection (Prowse et. al. 1979b). When cells from the spleen, MLN and coeliac 
LN are taken from infected female mice and injected into naive male and 
female mice which are challenged with L3, worm rejection is more vigorous in 
female than males (Dobson & Owen 1978). This suggests that sensitization 
with respect to potentially host- protective effector mechanisms is occuring in 
males but that they are less able to 'support' intestinal host-protective 
responses (Dobson & Owen 1978). These workers, looking at various strains, 
suggest that some of these differences are due to environmental effects 
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controlled by sex hormones. 
Figures 3.8 and 3.9 present data on the IUdR uptake in groups of 5 female 
CBA mice given a primary infection on day 0, compared to groups of CBA 
males. The female proliferative response is higher at - the 1 2500 
levels of infection for the MLN (Figure 3.8) and the spleen (Figure 3.9), 
particularly on day 7; by day 14 there is less difference. The relative spleen 
weight was also higher in females both in control and infected mice. The 
worm recovery in the 501-3 infection was the same in both sexes, but the 
2500 infection produced a mean worm recovery in the females of only 85+5.5 
compared to 139+9.3 in the males on day 14 of infection. Whether this 
substantial reduction in worm number is due to a more effective immune 
response is unclear. On a single experiment like this one it might be due to 
poor experimental procedure. Worm recovery from females on day 7 
(134.6+7.2) was similar to that for day 14 males with a 2500 infection. Any 
immune responses leading to expulsion of the parasite may act after this time 
and result in the lower worm recovery found 7 days later. 
Labelled lymphoblast localization 
Since poorly developed effector mechanisms in intestinal immunity provide 
a possible explanation for low responsiveness to H. polygyrus an experiment 
was undertaken to study the localization of labelled lymphoblasts in CBA mice. 
The cells were removed from animals experiencing a 7 day H. po/ygyrus 
infection. Cells from the MLN were labelled with 1251UdR in vitro (Chapter 2) 
and injected i.v. into animals with a 7 or 21 day H. po/ygyrus infection. 24 
hours later tissues including the small intestine were removed from the 
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Figure 3.8 The incorporation of 125 IUdR into the dividing cells of the 
mesenteric lymph nodes expressed as mean log 10 corrected cpm, + one SE. 
Female CBA mice were compared to male mice of the same strain following 
infection with either a 2501-3 or 501-3 H. polygyrus Mice were assayed on days 
7 (above) and 14 (below). CNTL; uninfected control; 501-3, 501-3 infection; 
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Figure 3.9 The incorporation of 125 IUdR into the dividing cells of the spleen 
expressed as mean log 10 corrected cpm, + one SE. Female CBA mice were 
compared to male mice of the same strain following infection with either a 
2501-3 or 501-3 H. polygyrus Mice were assayed on days 7 (above) and 14 
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recipients for analysis (Figure 3.10). 
The only significant change (p<0.05) in the migrations of lymphoblasts was 
the increase observed on day 7 in the small intestine. This was a transient 
change and by day 21 had returned to control levels. In the three other 
tissues studied no significant changes were seen. The localization in the small 
intestine on day 7 over this period was problably associated with the tissue 
destruction produced by the activities of the larvae, includi ng the secretion of 
antigens and their emergence into the lumen. The large intestine in 
comparison to the small intestine is a much less favoured site for the larval 
encystment and this is reflected in the smaller blast cell retention seen in it. 
DISCUSSION 
The rise in cellularity, weight and IUdR uptake in the lymphoid organs of 
the three mouse strains was coincident with the larval stages of H. polygyrus 
penetrating the mucosal epithelium of the small intestine. Here they moulted 
from 3rd to 4th stage by day 4, and from 4th stage to adult from day 6 
onward. The immature adults moved into the lumen of the intestine from day 
7 on. Such action by the parasite damages the tissue, allowing worm antigens 
and products from the tissue destruction access to the secondary lymphoid 
organs. These events initiated the immune response which was manifest as 
cellular proliferation. The healing of the damaged tissues of the small 
intestine reduces the antigenic stimulation and hence cellular proliferation falls. 
Lesions are repaired completely by day 21 of the infection (Liu 1965) although 
it is clear from the data presented in this chapter, and elsewhere, that 
antigenic stimulation can continue after that time. 
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Fi9ure 3.10 The localization of mesenteric lymph node cells, labelled with 
12 'lUdR, after intra venous injection into CBA mice harbouring either a 7 or 21 
day primary, 2501-3, H. polygyrus infection. The results are expressed as a 
mean percentage of the counts per minute recovered of the injected dose, + 
one SE (5 mice per group). The tissues assayed were SI, small intestine; LI, 













SI LI SP MLN 	S  L  SP MLN 	S  L  SP MLN 
CONTROL 	 DRY 7 	 ORY2I 
The assessment of immune responsiveness by the uptake of 125 IUdR would 
appear to be a more accurate technique than either the weight or cellularity 
measurements. The incorporation of a labelled thymidine analogue into the 
DNA of dividing cells in the lUdR assay measured DNA synthesis and hence 
gave an good estimate of cell proliferation in tissues. The assay provided 
results from control animals which were found to be very consistent and for 
both uninfected and infected animals the standard errors were small. It is 
interesting to note the differences between the responses using these three 
methods. 
The maximum cellular proliferation and cellularity during an H. polygyrus 
infection occured at approximately the same time in all three strains, with the 
exception of NIH in which the cellularity of the MLN continued to rise over the 
four week period. The early peak in lymph node weight, seen in both BALB/c 
and NIH mice was possibly due to oedema which affects the tissue as early as 
day 5 in the infection (Losson et. al. 1985). However, there was direct 
correlation between the changes in cellularity and weight of the spleen and 
MLN in all three strains (data not shown). The fluid content of these tissues 
may have changed proportionally, but it is more probable that the weight 
increase was due to a rise in the cell number. Further evidence for this is the 
coincident changes in the cellularity increase, measured by 125 i uptake, and the 
rise in the actual cell numbers. 
The CBA strain despite being unable to effectively expel a challenge 
infection of the parasite (Behnke & Robinson 1985), certainly showed no signs 
of any deficiency in its immune responses to a primary infection of H. 
po/ygyrus as measured by the cellularity and weight changes of its secondary 
lymphoid tissues. The highest values for the weight of the organs were only 
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slightly lower than those of the high responder NIH strain. The cellularity of 
these tissues in the CBA mice did not show such a strong peak as that of the 
other strains studied, but was more prolonged and by day 28 was still 
significantly above control values. It would appear from this data that CBA 
mice were capable of responding to the presence of adult H. po/ygyrus 
The high responder strain, NIH, had the MLN and spleen IUdR incorporation 
peak simultaneously and the MLN remained well above control levels indicating 
continued stimulation throughout the 4 week period of study. In the same 
strain with a slightly higher infection dose, 4000, Ali and Behnke (1985b) 
found that the MLN weight increase was delayed in comparison to the rise in 
spleen weight and once the maximum MLN weight had been attained the 
spleen weight regressed. It was concluded that the MLN were coping 
adequately with the parasite antigens. This MLN 'takeover' may have occured 
in the experiments reported here even though the MLN was stimulated and 
responded simultaneously with the spleen, since shortly after peak spleen 
proliferation there was a decline which was mirrored in the MLN response. 
The CBA with a 2501_3 infection had an lUdR uptake in both the MLN and 
spleen above control levels on day 28, well into the adult stage of the 
parasite. Following on from All and Behnke's hypothesis it-could be concluded 
that the less efficient MLN response, in not taking over fully from the spleen, 
necessitated the continuous involvement of the spleen. Once again the CBA 
strain showed no lack or inability to respond to the parasite, with its IUdR 
uptake in the spleen being proportionally greater than that of the other two 
strains. BALB/c mice, which are regarded as a moderate responder strain 
behaved intermediately in comparison to CBA and NIH strains. 
The cellular proliferation and cellularities of the spleen and MLN in the 501_3 
infections showed much smaller increases than those seen in the CBA 2501_3 
infections and had returned to control levels by the third week post infection. 
This clearly demonstrated the dose dependence of the response to the 
parasite. A possible explanation for this rapid recovery is that due to the 
smaller quantity of parasite antigens the immune system, especially the nodes, 
was able process them more effectively and efficently. This ability to handle 
the antigens has been shown to provide enhancement of the immunity to 
further infections in comparison to higher dosed animals (Dobson et. al. 1985). 
Precisely how radiation damaged the worms is unknown. It has been 
suggested for other species that radiation attenuated larvae still undergo 
migration through the tissues but encounter problems at the moults to the 4th 
and adult stages (Ansari & Sigh 1978, Jarrett & Sharp 1963). The life cycle of 
H. polygyrus does not involve extensive migration in the body of the host but 
the 3rd stage larvae penetrate the intestinal mucosa and develop in the 
muscularis externa to the 4th stage (Bryant 1973). It is possible therefore that 
larvae affected by radiation are unable to complete this moult and hence 
remain in the intestinal tissues until they eventually die, or are destroyed by 
the host. 
Ali and Behnke (1985) prevented normal maturation and emergence of H. 
pOlvgyrus larvae with a 25Krad irradiation dose. This dose was not found to 
be sufficient to halt the development of larvae in the results reported here, 
although a slowing down of worm maturation was noted. Those mice receiving 
an infection of irradiated larvae produced significantly higher cell proliferation 
in the spleen and MLN for the first 14 days than a normal 2501_3 infection in 
this strain. The immunogenicity of these larvae must be greater than that for 
e. 
non—irradiated L3, and this may explained by the greater release of antigen 
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from the damaged worms. The prolonged tissue phase of the parasite would 
also make these antigens more accessible to the immune system and the 
larvae presumably cause more tissue damage. The release of E/S antigens in 
vitro by T. spiral/s has been reported to be increased after sublethal irradiation 
(Agyei-Frempong & Catty 1983). Although it remains to be shown whether a 
similar effect occurs with larvae of the other species, the slower growth and 
inability of attenuated larvae to develop normally may cause prolonged release 
of stage-specific larval E/S antigens. This could lead to increased titres of 
antibody against these molecules and therefore enhanced resistance (Urban & 
Romanowski 1985). The lack of adults for a longer period of infection may 
allow a better immune response, as adults have been implicated in causing 
greater immunosuppression than immature worms (Pritchard & Behnke 1985). 
In experiments with irradiated L3 and anthelmintic terminated infections, 
the MLN and spleen rapidly returned to normal size and cellular turnover. The 
presence of adult worms within the intestinal lumen and their continuing 
release of antigens would seem to be necessary for the maintenance of the 
cellular proliferation within the MLN and spleen. It is clear that these antigens 
pass into the blood or the lymphatics despite the tissue repair reported by Liu 
(1965). 
The adult stage of the parasite is often regarded as the less immunogenic 
form in comparison to the larvae and is responsible, to a large extent, for the 
immunosuppreSsiOfl associated with an H. polygyrus infection (Behnke et. al. 
1983). Certainly, it is during the larval stages of the infection that the 
maximum immune activity takes place, but this in part may be due to the 
damage to the intestinal tissues and various activities of the parasite may 
induce this rise in stimulation. Nevertheless, the lengthening of the larval 
phase of infection, by irradiating the worms prior to inoculation, did promote 
cellular multiplication in lymphoid tissues. 
Once the adult has emerged, immune activity tends to decline in a normal 
2501-3 infection, and immunosuppression by the adult could be anticipated. 
The CBA strain appeared to be no more affected by this immunosuppression 
than the NIH and heightened cellular proliferation continued into the fourth 
week. At the 250L3 infection dose in CBA mice there was greater cell 
multiplication when the adults were present than in the 501-3 infections, 
indicating that the adults did not have an adverse effect on immunological 
stimulation. Further support for the immunogenicity of the adults was seen in 
infections which had been terminated by dosing with anthelmintic paste 
shortly after the emergence of juvenile adults. The 1251 uptake, in spleen and 
MLN declined rapidly in these mice, and was less than a normal 2501-3 
infection by day 21, suggesting that adults were required to maintain the 
cellular multiplication. 
The localization of transferred 125IUdR labelled MLN cells in the small 
intestine, large intestine, spleen and MLN of CBA infected mice was examined. 
A large proportion of the injected dose remained unaccounted for. This could 
be explained to some extent by the death of injected cells which were 
catabolized and their label excreted in the urine or localized in the thyroid. 
Work with the intestinal nematode parasites Nippostrongylus brasi/ensis 
and Tricli/nella spiral/s has led to the suggestion that the localization of blasts 
is best explained in terms of mucosal inflammation rather than the release of 
parasite antigens. Ottoway et. al. (1983) found that the greater accumulation 
of lymphoblasts in the small intestine of T. spiral/s infected mice was a 
consequence of prolongation of the half- time for the retention of 
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lymphoblasts within the intestine. It did not appear to be due to increased 
uptake of lymphoblasts from the blood. Increased retention of any available 
lymphoblast population may reflect alterations in the activity of macrophages 
or dendritic cells within the mucosa following its disruption by enteritis. 
In the H. polygyrus infection studied here, the largest retention of the 
blasts was at 7 days infection in the small intestine, and to a lesser extent in 
the large intestine. Worms are predominatly associated with the former site, 
and they move from the gut wall to the lumen of this tissue between days 7 
and 10. There is much tissue damage due to the infiltration of these lesions 
with particularly neutrophils and macrophages which produce an allergic 
response (Liu 1965). High blast cell retention here is not unexpected. 
H. polygyrus infected mice fail to show the mucosal mast cell (MMC) 
accumulation (Dehiawi et. at 1987) which is characteristic of infections with 
other species of intestinal nematode (Miller 1984). From the results presented 
here such a lack of responsiveness is not due to the absence of the 
stimulating cells, unless specific T—cells are absent. Rather it appears 
H. polygyrus depresses the potential for expression of the MMC response 
(Dehiawi at at 1987). Such a depression of MMC in the high responder SA 
strain of mouse dose not prevent the expulsion of the parasite (Dehiawi et. al. 
1987). 
Hagan and Wallin (1982) found no increase in the localization of cells in 
the small intestine over a 16 day period after a 3001-3 infection. However, 
H. po/ygyrus did prevent the increase in blast cell retention associated with 
T spiralls during concurrent infections. These results suggest that the trauma 
produced by the mucosal invasion of T spira/i.% which normally would have 
given rise to increased cell retention was prevented by H. po/ygyru and 
indicated that tissue damage alone was not the controlling factor for the 
movement of the cells. At day 21 these lesions are completly repaired, and 
there is a reduced amount of 125 lUdR localization. The significance of the 
presence of the labelled cells in the spleen is difficult to assess. Some of 
these cells were probably retained by the spleen simply because they were 
'recognised' as being damaged and were filtered out of the blood. Others may 
have entered the spleen because this was their normal destination. This latter 
statement could also be true of the MLN, either way there was no increase in 
the cells localizing in these two tissues. 
Conclusions 
In the primary infections studied in NIH, CBA and BALB/c mice the worm 
recoveries on the days of assay were not significantly different. On first 
exposure to H. po/ygyrus all three strains were equally susceptible. From the 
results presented in this chapter the immune responses induced by such 
infections were also very similar. All three mouse strains were stimulated by 
the larval stages of H. po/ygyrus and this was of a transient nature. The 
responses of CBA mice tended to be slightly less than those seen in the other 
strains and of shorter duration than particularly the NIH's. However, CBA mice 
when experiencing an H. po/ygyrus infection showed no signs of a deficient 
immune response to account for their inability to control a challenge infection. 
This lack of immunity can not be adequately explained by the results 
presented here. A method of investigating the immune responses which may - 
give more insight into this phenomenon is FACS analysis. This would allow a 
more detailed study by enabling the identification and quantification of the 
lymphocyte subpopulations. 
CHAPTER 4 
FLUORESCENCE ACTIVATED CELL SORTER (FACS) ANALYSIS OF 
SECONDARY LYMPHOID TISSUES UJ H. POLYGYRUS INFECTIONS. 
INTRODUCTION 
FACS analysis allows the differentiation of lymphoid cells in suspension, 
according to their surface antigens and the quantification of the relative 
proportions of each subpopulation. This technique was therefore used to 
investigate changes in lymphocyte populations within the MLN and spleens of 
NIH, BALB/c and CBA mice during the period of peak parasite- induced 
proliferation in these tissues (Chapter 3). This is a time when the immune 
system is most affected by the maturation and tissue migration of the 
parasite, and thus when the greatest changes might be expected. It is also 
the time during which the foundations are laid for subsequent responses to 
challenge, since experiments with anthelmintic-abbreviated infections have 
shown that the larval stages alone are capable of inducing protective immunity 
(Van Zandt 1961, Panter 1969, Bartlett & Ball 1972). 
On the basis of previous work it was predicted that both T and B cells 
would be involved in the response to parasite antigens. The tow resistance to 
challenge of athymic (nude) BALB/c mice, established the requirement for I 
cells in full immunity to H. polygyrus (Prowse et. at 1978a). Similarly, the in 
vitro lympho-proliferative response to H. polygyrus antigens has been shown 
to be anti-Thyl.2 sensitive (Price & Turner 1986a), and MLN cells from 
multiple-infected mice produce lL2 in the presence of adherent peritoneal cells 
and parasite antigens. This response was considered to be a measure of 
parasite antigen-specific T cell recognition, probably involving T helper (Th) 
cells (Price & Turner 1986a). 
Evidence for the early involvement of B cells comes from the detection of 
parasite specific antibodies by day 7 in a primary infection (Molinari. et. at. 
1978). Furthermore, the develpoment of IgGi hypergammaglobulinaemia 
(Crandall et. at 1974) indicated that the response is not necessarily confined to 
parasite specific B cells. 
In order to determine whether the low responder status of the CBA mice 
(Behnke & Robinson 1985, Hurley & Vadas 1983, Jacobson et. a/. 1982) reflect 
abnormal early T or B cell responses to parasite antigens, a comparison was 
made between this strain and the two responder strains, NIH and BALB/c. 
Since im?nunity in responder mice apparently originates after first exposure to 
the parasite, it was anticipated that its cellular basis would be revealed by a 
detailed FAGS analysis during the first 2-4 weeks after infection. Similarly, the 
immunodeficiencv seen in low responder strains such as CBA might be 
suggested by the same analysis. On the other hand, early differences between 
the strains would not be expected if the parasite primarily effects its survival 
by avoiding immune reactions aimed against it. Evasion may be more 
successfully achieved in some strains than in others. 
However, an important mechanism for the survival of H. poIgyrus is 
thought to be modification of the host's cellular responses, and activation of T 
suppressor (Ts) cells has been suggested as a mechanism by which normal 
host responsiveness is impaired. Using soluble products from adult H. 
polygyrus to demonstrate immunosuppression against heterologous antigens, 
Pritchard et. al. (1984a) found that 2'deoxyguanosine treatment restored the 
immune response. This drug is an inhibitor of Ts cell activity (Dosch et. at. 
1980). In contrast, Price and Turner (1987) demonstrated a depressed 0TH 
response to a heterologous antigen in infected mice, but found that irradiated 
mice, reconstituted from infected donors, responded normally. Though not 
conclusive, the last result dose not support a role for Ts cells in parasite 
mediated immunosuppression. The attempt to resolve this question in the 
- present study was limited to the use of the Lyt2 marker, which identifies Ts 
and Tc (cytotoxic T) cells rather than Ts cells alone. It was hoped that any 
marked increase in Ts cell activity would be accompanied by an increase in 
the Lyt2 subpopulation, and by a corresponding decline in the frequency of 
L3T4 (Th) cells. 
Immunising larval infections, terminated by an anthelmintic, have suggested 
that reinfection immunity is stimulated by larvae rather than adult H. po/ygyrus 
(Van Zandt 1961, Panter 1969, Bartlett & Ball 1972), although this method does 
not preclude exposure of the hosts to early adult stages of the worm. In mice 
exposed directly to adult worms, introduced via laparotomy, no resistance was 
observed to a superimposed larval challenge (Bartlett & Ball 1972). More 
recently these observations have been confirmed and extended in the high 
responder, LAF 1 /J strain (Jacobson at. al. 1982). Exposure to the larvae 
followed by clearance with anthelmintic, resulted in greater than 90% 
reduction in a homologous larval challenge, but had no effect on adult 
challenge. In contrast, mice given a single sensitizing infection of adult worms 
via laparoiomy failed to develop resistanceto homOlogous challenge of either 
larvae or adult worms. That H. polygyrus is able to influence local intestinal 
immunological events to enhance its own survival was also shown by Behnke 
et. at (1983). Irradiated larvae produced effective immunity to a subsequent 
challenge infection, but when irradiated L3 were administered in association 
with normal larvae, the aquired immunity expressed against a challenge 
infection was markedly depressed. Adults transplanted directly into the 
intestine with the irradiated larvae gave poorer immunity, while adults were 
even less effective, producing a response which was only marginally better 
than that in uninfected controls (Behnke et. a/. 1983). In summary, 
H. polvgyrus adults fail to initiate host- protective responses or alternatively, 
may successfully resist them. The cellular basis of these observations was 
investigated here by a FACS analysis of tissues from mice infected with 
irradiated larvae, or by direct transfer of adults. 
MATERIALS AND METHODS 
Single cell suspensions were produced and labelled with FITC-conjugated 
antibodies for analysis by flow cytometry, as described fully in Chapter 2. 
During each FACS analysis cells were passed from a reservoir into the 
centre of a nozzle where they were, surrounded by a cell-free sheath fluid 
which confined them to the centre of a liquid jet. As cells passed through the 
focused laser beam they scattered light and fluoresced. A forward light scatter 
detector collected light scattered out of the laser beam at relatively small 
angles and converted it to an electronic signal. The signal from right angle 
light scatter was similarly recorded. Fluorescent light was collected by a lens 
and directed into a photomultiplier tube (PMT). Optical filters were used to 
reject scattered laser light and to further define the accepted wavelength for 
the PMT. The light scatter and fluorescence detector signals were amplified 
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and evaluated, then digitized and fed to a computer for storage and analysis. 
The forward light scatter gate allowed any remaining red blood cells, as well 
as dead nucleated cells, to be excluded from further analysis, on the grounds 
of cell size (Figure 4.1). Confirmation of the selectivity of the gating procedure 
was by staining with antibody against T200, a surface glycoproteiri found on 
all haemopoietic cells apart from mature erythrocytes. The 900  scatter gate 
enabled the exclusion of monocytes and granulocytes due to differences in 
their internal structure (Figure 4.2), and a figure for the proportion of 
lymphocytic cells in comparison to monocytes and granulocytes was obtained. 
This value was used in association with the cellularity data to calculate the 
number of cells in each lymphocyte population. 
Two controls were carried out routinely on each cell suspension. They 
took the form of (1) cells incubated with only the fluorochrome-conjugated 
2nd step reagent, and (2) cells incubated without addition of either the 1st or 
2nd step reagent. These controls established the profile for the non- staining 
cells, and confirmed that the second step goat anti-rat reagent was not 
absorbed non-specifically onto cell surfaces. In addition, propidium iodide (P1) 
was used on occasions to check that there was no loss of specific cell types 
from the analysis which would invalidate the proportions recorded. P1 is a 
nucleic acid stain, and can only enter cells in which the plasma membrane has 
been damaged, therefore nonviable cells were brightly labelled, flourescing red 
under 488nm excitation, while viable cells remained unstained. 
Figure 4.3 illustrates the results for Pt staining of a typical cell suspension. 
Unfortunately in the reproduction of this photograph there was some loss of 
definition and the dead cell populations are not as visible as in the original 
picture. Nevertheless, it can be seen that the proportion of dead cells in the 
Figure 4.1 Dot-pI ot photograph of an unstained spleen cell preparation from a 
BALB/c mouse. Ii n the dot-plot individual cells are represented by a single dot. 
Vertical axis: for ard scatter signal. Horizontal axis: log fluorescence intensity. 
The spleen cell suspension was treated with distilled water to remove red 
'cells. Live cells with the higher forward light scatter (A) can be separated 







Figure 4.2 Dot-plot of unstained spleen cell preparation from BALB/c control 
mice after dead and red blood cells have been removed by gating. Vertical 
axis: 900  scatter signal. Horizontal axis: log fluorescence intensity. The cells 
with the higher 900  light scatter are monocytes and granulocytes (A) which are 







Figure 4.3 Spleen cell preparation from uninfected CBA mouse after staining 
with anti-Thy 1.2 monoclonal antibody followed by incubation with FITC 
conjugated anti-lgG in addition to staining with propidium iodide. Vertical axis: 
log green fluorescence intensity. Horizontal axis: log red fluorescence 
intensity. None lymphoid cells have been gated out. Propidium iodide is taken 
up by dead cells and under 488nm excitation fluoresces red. This is to check 
that there is no depletion, due to cell death, of a particular cell population. 
Cell populations shown are; live Thy 1.2 (A), dead Thy 1.2 k (B), live Thy 1.2 






Thy 1.2 and Thy 1.2 populations were more or less identical. Thus there was 
no selective mortality of either Thy 1.2 k or Thy 1.2 cells. 
In some experiments a Fab fragment of a rabbit anti-mouse Ig reagent was 
used to eliminate the possibility that the frequencies obtained for B 
lymphocytes were elevated by binding of the fluorescent reagent to Fc 
receptors on non-B cells. The close correlation between data obtained with 
whole anti-mouse lg and with the Fab fragments indicated that results given 
by the former were reliable. The whole anti-sig stain was therefore used 
routinely in analyses along with the monoclonals shown in Table 4.1. The 
anti- sig reagent was FITC-conjugated, and thus required no second step 
incubation. 
An extra problem with sig detection is the possibility of cytophilic binding 
of serum immunoglobulin to non-B cells (Winchester & Fu 1976). Incubation of 
the cell suspension for 40 minutes at 37 0C followed by three washes in RPMI 
is required to remove the cytophilic immunoglobulin (Ling & Richardson 1981). 
This procedure was carried out in some experiments as a control to ensure 
that this binding was not raising artificially the frequencies obtained for B 
lymphocytes following staining with anti-slg reagents. 
Examples of the profiles produced in a FACS analysis after staining with an 
anti-slg antibody are shown in figure 4.4. The dot plot shows the 
fluorescence of individual cells against forward light scatter (Figure 4.4a), with 
the stained and unstained cells distinctly visible. The resulting 
- immunofluorescence histogram (Figure 4.4b) can be used to assess the 
proportion or lymphocytes expressing a given marker, and also contains 
information about the level of antigen expression (fluorescence brightness) and 
the heterogeneity of expression (width of positive peak). 
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TABLE 4.1 
Monoclonal antibodies used in FACS analysis 
Antigen Monoclonal Tissue distribution Reference 
B220 	 RA36B2 	All haemopoetic cell 	Coffman & Weissman 
apart from mature 1981 
erythrocytes and T cells 
L3T4 	 GK1.5 	T helper cells, 	 Dialynas et. al. 
thymocytes & 1983, Watts et. al. 
macrophages 	 1984 
Lyt 2 	53-6.7 	T suppressor/cytotoxic 
cells & thymocytes 
T200 	 55-10.1 	All haemopoetic cells 
apart from mature 
erythrocytes 
Thy 1.2 	30-H12 	Neurones, fibroblasts, 
connective tissue, 
thymocytes & 
peripheral T cells 
Cantor et. al. 
1976 & Springer 
et. al. 1982 
Omary et. al. 1980 & 
Trowbridge et. al. 
1975 
Reif & Allen 1969 & 











Figure 4.4 MLN cell preparation from control B.ALB/c mice analysed for 
fluorescence intensity after staining with a fluorescein labelled antibody 
specific for mouse Ig to reveal slg* cells. 
4.4a Vertical 	a,.is, forward light scatter; horizontal axis, log fluoresence 
intensity. Two distinct populations can be seem with the positively stained 
population to the right. 
4.4b Vertical axis, cell number; horizontal axis, log fluorescence intensity. The 
same data as presented in Figure 4.4a resolved to give the proportion of the 
negative and positive populations. 
4 
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In these experiments, mice of the three strains CBA, BALB/c and NIH 
received a 2501-3 H. po/ygyrus infection. In addition some groups of CBA mice 
were given a 501-3 infection. The worm recovery was routinely monitored (see 
Chapter 3). 
The graphs presented in this chapter have a minimum of three individual 
mice at each point plotted, with one standard error on either side of the mean. 
Significant differences (p'<0.05) were determined by the Student's t- test or by 
the Wilcoxon signed rank sum test. 
RESULTS 
FAGS analysis of secondary lymphoid organs during primary infections 
FACS analysis of normal MLN (Figure 4.5 and 4.6) found Thy 1.2 cells to be 
predominant and sIg cells to be the minority population in all strains of 
uninfected mice. In the NIH strain, means of 64% and 39% for Thy 1.2 k and 
slg respectively were recorded, for BALB/c means of 69% Thy 1.2 and 32% 
sigt and in CBA 74% ThV 1.2 k and 24% slgt Null cells (Thy 1.2 slg) did not 
form a major proportion of the cells analysed, as around 100% of the cells 
could be accounted for by these two stains. 
It has been established that H. po/ygrus infections are associated with 
increased cellularity in the lymph nodes and spleen accompanied by an 
increase in cell proliferation (Chapter 3). The FACS analysis described in this 
chapter suggested that for the MLN the increase in cellularity was primarily a 
result of an increase in B cells. In fact the rise in frequency of slg cells in 
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Figure 4.5 The frequency of B (slg 4 ) lymphocytes in MLN cell suspensions from 
mice infected with either 2501-3 or 50L3 H. polygyru& Mean % positive cells, + 
one SE (3-7 mice per group). Horizontal line represents mean for uninfected 
mice (n=30, 18, 11 for CBA, BALB/c and NIH respectively), + one SE. Figure A 
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Figure 4.6 The frequency of I (Thy 1.2) lymphocytes in MLN cell suspensions 
from three strains of mice infected with either 2501-3 or 501-3 H. po/ygyrus 
Mean % positivP cells + onp SE (3-7 mice per grouo). Horizontal line 
represents mean for uninfected mice (n=28, 19, 10 for CBA, BALB/c and NIH 

































5 	10 	15 	20 	25 	30 
FIGURE 4. 6R 
DAYS AFTER INFECTION 
FIGURE 4BB 

































5 	10 	15 	20 	25 	30 
DAYS AFTER INFECTION 
FIGURE 4a6D 
DAYS AFTER INFECTION 
the nodes of infected mice was the most consistent and striking aspect of the 
response to be measured with the FACS. 
Analysis of the MLN in infected mice revealed an increase in the proportion 
of sig cells (Figure 4.5). In the low responder CBA mice, with a 2501-3 
infection, sIg cells actually doubled in frequency from day 0 to 7 . In NIH mice 
a high frequency of slg cells was quickly reached and this was maintained 
throughout the 28 days. In contrast, in both BALB/c and CBA mice, the 
maximum response on day 7 was followed by a gradual return towards control 
levels. Though still elevated on day 28, sIg cell proportions had recovered to 
control values by 3 months. The peak percentage of slg cells in infected 
mice was similar for all three strains but since the background frequencies 
varied between them, the response in CBA strain (2501-3) was larger, relative to 
the controls than that in BALB/c and NIH. Seven days after infection in the 
CBA mice 46% of the cells were sIg compared to a control value of 24%. 
The increase in the frequency of sIg cells in the MLN of all strains was 
matched by a reduction in the proportion of Thy 1.2 cells (Figure 4.6). The 
2501-3 infection in the CBA strain produced the greatest fall of this cell type, to 
nearly half control values on day 7. In spite of this drop, the T cell proportion 
had recovered by day 28, and was not significantly different from the control 
values. A 501-3 infection of in CBA mice produced a smaller fall on day 7 but 
by day 14 the proportion of Thy 1.2 cells had returned to control levels. 
These results contrast with the maintenance of depressed T cell levels found 
in the high responder strains, BALB/c and NIH. After an early fall in Thy 1.2* in 
the NIH strain by day 4, there was no significant recovery during the period of 
investigation. BALB/c mice showed a decline in the frequency of Thy 1.2 cells 
between days 4 and 7, and a moderate recovery towards control levels by day 
28. Figure 4.7 illustrates the reduction in Thy 1.2 k cell frequency by day 7 in 
BALB/c mice as revealed by the FACS profile of a single MLN suspension. 
Results from BALB/c mice (not shown) also indicated that a primary infection 
could modify cell frequencies for a period of at least three months with the 
Thy 1.2 k proportion still at 55% after this period. 
In BALB/c mice the greatest proportion of null cells, with neither slg nor 
Thy 1.2 markers, was on day 7 when it reached 12%. This compared with CBA 
mice when the peak value, 22%, occurred on day 10 and NIH mice (7%) on day 
21. Apart from the NIH strain the null cells tended to increase during peak 
cellular proliferation and by day 28 the proportion of these cells in the 
- 	population were equivalent to control mice values. 
In contrast to the cellular proportions of the MLN, slg cells were found to 
form the major population in the spleens of infected mice, and Thy 1.2 k cells 
were less prevalent. There were some significant differences between the 
three strains (Figure 4.8 and 4.10). In the NIH strain mean control levels of 
28% for the Thy 1.2 k  and 69% for the slg cells were quite different from the 
values of 31% and 53% found in BALB/c mice. CBA mice had values between 
the two of 35% and 56% for Thy 1.2 and slg 4 respectively. Null cells (Thy 
1.2 slg) which did not feature significantly in the MLN were more prominent 
in the spleen. NIH mice had the least number of null cells in uninfected 
animals, 3%, while BALB/c had 16% and CBA 9%. 
Over the four week period studied, after a primary infection of 2500 or, in 
CBAs, 501-3 H. polygyrus the proportion of I cells within the spleen fell in all 
three strains, thus reflecting the situation in the MLN. (Figure 4.8). This decline 
appeared slightly later than the changes in cellular proportions of the MLN and 
by day 7 only CBA with a 501-3 infection and BALB/c mice had values 
WJ 
Figure 4.7 MLN cell suspensions analysed for fluorescence intensity after 
staining with anti-Thy 1.2 monoclonal antibody followed by incubation with 
FITC conjugated anti-lgG. - 
4.7a Vertical axis: cell number. Horizontal axis: log fluorescence intensity. 
Uninfected BALB/c mouse. 
4.7b Vertical axis: cell number. Horizontal axis: log fluorescence intensity. A 7 
day 2501_3 H. po/Vgyrus infection in a BALB/c mouse was assayed. The cell 











Figure 4.8 The frequency of T (Thy 1.2) lymphocytes in spleen cell 
suspensions from mice infected with H. po/ygyrus Mean % positive cells, + 
one SE (3-7 mice per group). Horizontal line represents mean for uninfected 
mice (n=25, 18, 11 for CBA, BALB/c and NIH respectively), + one SE. Figure A 
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Figure 4.9 Comparison of the staining with anti-Thy 1.2 monoclonal antibody 
followed by incubation with FITC conjugated anti-lgG. Spleen cells of a BALB/c 
mouse were analysed. 
4.9a Vertical axis: cell number. Horizontal axis: log fluorescence intensity. 
Uninfected 
4.9b Vertical axis: cell number. Horizontal axis: log fluorescence intensity. 
Infected, 2501_3 H. po/gurus 7 days previous. The cell number in the right 
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Figure 4.10 The frequency of B (slg') lymphocytes in spleen cell suspensions 
from mice infected with H. polygyrus Mean % positive cells, + one SE (3-7 
mice per group). Horizontal line represents mean founinfected mice (n25, 
18, 11 for CBA, BALB/c and NIH respectively), + one SE. Figure A CBA 250L3, B 
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significantly below normal. Figure 4.9, is a FACS profile showing Thy 1.2 
staining of spleen cells from an infected BALB/c mouse. It illustrates the loss 
of positively stained cells on day 7 by a reduction in size of the right hand 
peak. BALB/c fell to the lowest value (14%), on day 10, recovered slightly, but 
remained well below control levels on day 28. A three month assay of this 
strain showed control Thy 1.2 k  cell values in the spleen. In the NIH strain the 
reduction in the T cell population was short lived and had returned to 
uninfected levels by day 28. The CBA strain infections produced similar 
changes to those seen in BALB/c mice. At 28 days the frequency of Thy 1.2 
cells was still reduced, but it had returned to normal by three months. 
The control levels of slg lymphocytes varied considerably between the 3 
groups with highest proportions occuring in the NIH (69%) and lowest in 
BALB/c mice (53%).During the period of T cell loss in the spleen of mice 
infected with 2500, the frequency of slg cells also fell in two strains, CBA 
and BALB/c, to a minimum level on day 10 but in the NIH mice it moved 
slightly above control values on days 10 and 14 (p<0.05) (Figure 4.10). As this 
was occurring the proportion of null cells (Thy slg) remained fairly constant 
in NIH mice, no greater than 5%. However, the frequency of this population 
rose to a maximum of 46% on day 10 in BALB/c mice, fell to approximately 
30% on day 28, and was still significantly above control levels with a value of 
23% after three months. In CBA mice (2500) null cells showed a transient 
increase, with a maximum frequency of 30% on day 10, followed by a return to 
control levels on day 28. A far larger increase in null cells occured in this 
tissue than in the MLN, except for NIH mice which maintained a constant, and 
relatively small proportion throughout the first 4 weeks of infection. 
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Staining intensity of the sIg population 
The relative brightness of stained cells could be measured by identifying 
the channel in which most positive cells occured. This channel is represented 
by the position of the positive peak in each FACS profile. It was found that 
the position of the slg 4 peak, and thus the staining intensity of B cells, was 
affected by H. polygyrus infections (Table 4.2). For example, in the BALB/c 
analyses of the MLN on day ten, the peak of the slg cells was significantly 
displaced to the left when the results were compared with controls by the 
Wilcoxon test (p<0.05). This indicated a reduction in staining intensity for 
those lymphocytes, in this FACS system a drop of 16 channels on the 'log 
scale represents a 50% reduction in fluorescence intensity. . The effect also 
occured in this tissue of the NIH strain and in contrast to BALB/c mice 
continued from day 7 for the duration of the analysis, reducing staining 
intensity over the 4 weeks. On the other hand, changes in the brightness of 
CBA slg cells were not large enough to be significant. The spleen in contrast 
had constant peak positions, or in some assays, an increase in slg brightness, 
but no significant changes were recorded in this tissue. The other monoclonals 
used in this study provided a consistent intensity of staining in the infected 
animals. Thus, neither the B220 antigen or B cells, nor any of the T cell 
markers, showed a reduction in cell surface density following stimulation by 
parasite products. 
Frequencies obtained using independent staining techniques 
Antibodies used to detect surface markers. may themselvs be absorbed 
onto the surface of cells via the Fc portion of the molecule, and give 
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TABLE 4.2 
Changes in the position of the peak slg+  stained cells 
CBA BALB/c NIH 
Tissue 	Group 
MLN 	Day 7 -0.7+4.1 -5.9+8.7 -7.5+4.8 
- 10 -10.0+4.8 -20.83.9 -21.8+5.9 
14 6.0+5.6 7.37+4.3 -8.3+8.7 
21 4.6+6.7 2.0T3.0 -27.7+9.9 
28 -12.0+8.1 -1.0+2.8 -32.771.9 
SPLEEN 	7 -1.6+0.7 0.7+3.5 -4.3+2.5 
10 -1.3773.6 3.21.4 2.572.0 
14 11.01.0 4.37-0.3 8.0+1.0 
21 5.7+1.2 2.4+2.2 0+3.5 
28 7.5T4.7 3.07+0.6 -2.0+2.0 
The results presented here are the difference in the position of the 
positively stained slg peak after a primary infection with 250L3 H. 
polygyrus. 	The values were calculated by subtracting the infected peak 
position (channel number) from the control results on the same day of assays 
A negative result indicates that the positively stained population becoming 
duller in infected mice. The fluorescence intensity was measured on a 
log 10 scale. 	A minimum of 4 mice were assayed for each day and the mean, 
± one SE is shown. 
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artificially enlarged frequencies. The results with the second step control (see 
material and methods) indicated that this was not a problem for the two-step 
staining procedures, but it was necessary to confirm that the identification of 
B cells with the FITC conjugated anti-immunoglobulifl reagent gave reliable 
data. 
The possibility that slg cells, in infected mice in particular, represented a 
population of non-B cells which absorbed either autologous lg or the anti-sig 
reagent was considered in a series of experiments. In these experiments B 
cells were analysed by three separate reagents, (1) anti-slg, (2) the Fab 
fraction of an anti-slg reagent, and (3) anti-13220 (followed by second step 
staining in the second and third experiments). The results from a 
representative experiment using control and day 7 infected CBA mice are given 
in Table 4.3. 
With MLN cell suspensions it was found that the B cell frequencies derived 
from the separate reagents were well correlated (Table 4.3). Generally in 
analyses of this type the B220 stained cell proportion was slightly lower than 
the value for the slg label, while the Fab fragment gave a percentage which 
was comparable to that found by staining with the whole molecule. 
Similarly, when the cells were incubated at 37 0C for 40 minutes before 
staining, no significant disparity in the proportions of positive cells resulted 
(Table 4.3). It could thus be concluded that the data obtained with the 
standard FITC-conjugate anti-slg antibody gave a reliable indication of the 
number of B cells present in the MLN. 
When cells were obtained from the spleens of infected mice and stained 
with the three reagents, comparable values for the frequency of B cells were 
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TABLE 4.3 
Confirmation of B cell staining during FACS analysis 
% stained +ve 
MEN slg B220 Fab Thy 1.2 
NORMAL 
Control 24.5 26.5 26.2 75.2 
20.2 23.6 23.0 75.1 
Infected day 7 47.6 52.7 46.6 40.3 
42.1 44.2 45.2 46.3 
55.0 53.5 45.9 - 
48.8 45.9 51.4 39.0 
INCUBATED 
Control 	 20.3 23.1 21.9 60.9 
21.9 26.5 19.5 75.8 
Infected day 7 	52.4 51.6 51.6 41.9 
47.5 46.8 46.8 47.1 
59.4 56.9 55.9 36.3 
54.0 51.0 54.5 38.8 
SPLEEN 
10016040 
Control 	 58.1 53.6 55.4 40.5 
56.9 55.5 56.5 39.8 
Infected day 7 	49.7 40.8 47.0 37.2 
58.9 54.2 55.2 34.0 
49.6 39.6 42.6 39.6 
50.4 43.5 48.1 31.0 
INCUBATED 
Control 	 40.6 	48.1 	37.9 	34.9 
	
52.1 55.2 53.5 43.1 
Infected day 7 	40.5 	45.9 	42.6 	45.7 
54.1 54.9 54.1 35.4 
48.2 	47.5 	46.7 	39.6 
46.7 49.6 45.8 42.7 
FACS analysis of the MLN and spleen of CBA mice 7 days after they had recieves 
an infection of 2501,3 H. polygyrus. The cell suspensions produced were 
either staini  in the routine manner or had an additional incubated of 40 
minutes at 37 C followed by three washes prior to staining. This process 
was to remove any cytophilic antibody that maybe present. The proportions oi 
cells staining positive for slg, B220, Fab and Thy 1.2, are expressed as a 
percentage of the total lymphocyte population. The results are for individua: 
mice. 	 - 
Ml 
found (Table 4.3). Once again in the unincubated cell suspension B220 stained 
slightly less than the sig, while the Fab percentage lay between these two 
values. Following incubation there were no significant changes in the 
percentage of cells being labelled by these reagents. 
In a few analyses the situation in the spleen was less clear due to the 
presence of a discrete population of dull staining cells which lay between the 
negative and positive peaks for spleen B cells. This population showed 
particularly in NIH mice, but was also evident on days 7 and 10 of BALB/c 
infections. It can be seen from figure 4.11 that the population was present in 
control NIH mice and was increased in size following H. polygyrus infection. 
Since the cell 'bodies' involved lay to the right of the gate set with the 
unstained control suspension, the cells were included as B lymphocytes. This 
sub-population of B cells stained equally well with Fab reagent, therefore 
non-specific binding to Fc receptors on other cell types was not a factor in its 
appearance (Figure 4.12). In cases where these sub- populations were seen 
the B220 profiles were unchanged, with clearly defined negative and positive 
peaks, but gave a reduced percentage of stained cells in comparison with the 
anti-slg reagents (Figure 4.13). 	This discrepency was as large as 26% in the 
case of the day 21 NIH spleen assay. The positive peak itself remained in a 
constant position in each profile, thus these cells were not associated with an 
overall decrease in staining intensity. B220 cells appeared at a lower 
frequency than slg cells in the spleen, and this effect was more marked than 
for the MLN, suggesting the presence of a 'population of slgB220 B cells in 
the spleen alone. 
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Figure 4.11 An NIH mouse spleen cell preparation stained with a fluorescein 
labelled antibody specific for Ig to reveal slg cells. 
4.11a Dot-plot of the 90 0 
 light scatter (vertical axis) against fluorescence 
intensity (horizontal axis). Shows the staining of these cells in an uninfected 
mouse. 
4.11b Vertical axis: 90 0 
 light scatter. Horizontal axis: log fluorescence intensity. 
An animal infected for 7 days with 250L3 H. polygyrus 
The distinction 
between the two populations has become blurred by an extra body of cells (B) 
which straddles the previously clearly defined positive (C) and negative (A) 
populations. Much of this additional population was included by the gate which 








Figure 4.12 BALB/c spleen cell preparation from 2501_3 H. po/ygyruS infected 
mice on day 7. 
4.12a Dot-plot of 9 0 scatter verses log fluorescence intensity. Cells were 
incubated in a FITC labelled Fab fragment. An extra group of cells (B) have 
been stained and can be seen between the negative population (A) and a 
brighter positive cell group (C). 
4.12b Dot-plot as described above. The cells have been stained with a 
fluorescein labelled antibody specific for mouse surface Ig (sig). A similar 
staining pattern to 4.12a was found; with an extra population (B) between the 
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Figure 4.13 NIH spleen cell preparation from 2500 H. po/ygyrus infected mice 
on day 21. 
4.13a Dot-plot of 9Q0 scatter versus log fluorescence intensity. Cells were 
stained with an anti-B220 monoclonal antibody followed by incubation in FITC 
conjugated anti-lgG. Positive (C) and negative (A) stained populations are quite 
distinct. 
4.13b Vertical axis: 90 0 scatter. Horizontal axis: log fluorescence intensity. 
Cells were stained with a fluorescein labelled antibody specific for mouse Ig to 
reveal slg cells. An extra body of cells (B) was seen between those found for 







B and  I cell numbers in second 	lymphoid tissues 
On the basis of lymph node and spleen cellularity (see Chapter 3) and the 
right angle scatter figure for monocytes and granulocytes, the data for B and T 
cell frequency in each cell suspension were transformed to give a value for 
the total number of each class of lymphocytes present on each day. These 
values are shown in Figures 4.14, 4.15, 4.16 & 4.17). 
Calculations for the MLN of uninfected mice showed BALB/c mice to have 
the highest number of slg and Thy 1.2 k cells, 1.93 x 10 and 4.17 x 107 
respectively for these two cell types. NIH mice had 1.73 x iü slg 4 and 3.13 x 
10 7 Thy 1.2 k  cells. CBA mice with their lower cellularity had 8.4 x 
106  slg and 
2.57 x 10 7 Thy 1.2 cells. These results indicate the range in cell numbers 
found in the three strains, showing BALB/c to have over twice the number of 
stg cells than CBA, and 50% more Thy 1.2 k . 
The BALB/c mice dramatically increased their numbers of T and B cells in 
the MLN following infection with 2501-3 (Figure 4.15 & 4.16). In both instances 
the day 21 peak was late in relation to the peak proliferation response on day 
7. The peak sIg value indicated a four fold increase in B cells over control 
levels, primarily because of a rise in cellularity and to a lesser extent the 
increase in proportion of these cells in the MLN. While T cells also reached 
maximum number on day 21, 2.5 times their control level, their increase lagged 
behind that of the B cells, not commencing until after day 10. In association 
with increased cellularity of its nodes the NIH strain showed an enlarged slg' 
cell frequency, and the combination of the two led to a continued rise of slg 
cells over 4 weeks, giving a four fold increase by day 28. In comparison to 
the cellular changes in BALB/c and NIH strains the increases in slg and Thy 
numbers in CBA mice were very modest. The CBA rises did remain above 
control levels to the last day assayed. In all strains B cells increased more 
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Figure 4.14 The number of I (Thy 1.2) lymphocytes in the MLN from mice 
infected with 2501-3 H. po/ygyrus Mean % positive cells, + one SE (3-7 mice 
per group). Horizontal line represents mean for uninfected mice (n=16, 18, 9 
for CBA, BALB/c and NIH respectively). Figure A CBA, B Balb/c, C NIH. 
Figures 4.14, 4.15, 4.16, 4.17. 
Means signifint1y different from the control value are shown by * at the 
5% level and 	at the 1% level. Statistical comparisons were calculated 
using the students' t test. 
The values for T and B cells shown in these Figures were re-expressed as the 
mean percent increase in cell number (above the control level) for each day. 
This calculation allowed the changes in cell number within the three mouse 
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Figure 4.15 The number of B (sIg) lymphocytes in the MLN from mice infected 
with 250L3 H. po/ygyrus Mean % positive cells, + one SE (3-7 mice per 
group). Horizontal line represents mean for uninfected mice (n=2.1, 18, 9 for 
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rapidly in the nodes than T cells, as a result of the increase in their frequency. 
In contrast, in all three strains, the increase in T cells-was due solely to the 
overall change in cellularity rather than to a rise in frequency, since the 
proportion of these cells actually fell. 
The control values of B and T cell numbers in the spleen were not so 
divergent between the strains as for the MLN. The number of Thy 1.2 k cells in 
BALB/c mice was the highest at 4.8 x 10 7,CBA mice had 3.8 x iü and NIH 4.2 
x 10 Thy 1.2 k cells. The numbers of slg cells in this tissue (BALB/c 8.0 x 10 
CBA 6.5 x i0 7 and NIH 9.1 x 10 7)  were also quite similar. It was found that the 
drop in T cell frequency in the spleen was not matched by a drop in the actual 
cell number due to the influence of the change in cellularity. This increased 
by a larger amount and resulted in the number of T cells remaining fairly 
constant (Figure 4.16), at least in CBA and BALB/c mice. BALB/c mice had a 
lower number of these cells than the control value on day 14, but was the 
only infection to do so. The NIH strain showed an early increase in the number 
of T cells in its spleen but this was not maintained after day 10. This strain 
produced a significant increase in B cells, over two fold, in the spleen (Figure 
4.17). By day 28 the B cell number had fallen but remained well above control 
levels. The slg cells gradually increased in number in the spleen of the CBA 
strain over the 28 days. This cell type fluctuated at around or above control 
level in BALB/c mice, with increases on day 7 and 21 being the most notable. 
In summary the slg and Thy 1.2 k cellular responses in the tissues of CBA 
mice, during a primary infection, were very similar to the changes noted in the 
high responder strains. An exception to this was the rise in slg cell 
frequencies observed in the spleen of NIH mice, while both CBA and BALB/c 
strains had a reduced proportion of this cell type. In many respects the 
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Figure 4.16 The number of T (Thy 1.2) lymphocytes in the spleen from mice 
infected with 250L3 H. polygyrus Mean % positive cells, + one SE (3-7 mice 
per group). Horizontal line represents mean for uninfected mice (n=16, 19, 11 
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Figure 4.17 The number of B (slg 4 ) lymphocytes in the spleen from mice 
infected with 2501-3 H. polygyrus Mean % positive cells, + one SE (3-7 mice 
per group). Horizontal line represents mean for uninfected mice (n=17, 18, 9 
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immune responses in CBA and BALB/c mice were very comparable both in 
their magnitude and timing. 
Changes in the ratio of L3T4 and LYT2 cells 
Mature mouse I lymphocytes can be divided into subsets by their 
expression of the alternative T cell differentiation antigens L3T4 and Lyt2. The 
Lyt2 subset is made up primarily of cytotoxic and suppressor T cells, while 
L3T4 + lymohocytes consists predominantly of helper/inducer I cells. In figures 
4.9 and 4.10 L3T4 cells are expressed as a percentage of L3T4 plus Lyt2 
population for the two tissues analysed. 
The proportion of L3T4 cells in the controls of the NIH strain were higher 
than those seen in CBA or BALB/c mice, in both the spleen and MLN. In the 
MLN, the ratio of the two cell types was found to show a transient change in 
favour of L3T4 cells during a primary infection with 2500, (Figure 4.18). Peak 
frequencies of L3T4 cells for CBA and BALB/c strains occurred within the first 
10 days of infection. The value for BALB/c mice quickly returned to control 
levels after this peak and the results for CBA suggest a similar prompt return 
to control values. A peak over this period was also seen in the NIH strain. 
In the spleen (Figure 4.19) there was a clear increase in L3T4 4 cells on day 
7 of infection in NIH and BALB/c mice, though this was not maintained in the 
NIH strain. Later in the infection, on days 14 to 21, CBA mice showed an 
increase in the L3T4 proportion in this tissue, but it was only the BALB/c 
strain that maintainted this higher proportion to day 28. There was no 
evidence in either tissue for an increase in the relative frequency of Lyt2 cells 
which might indicate an unbalanced accumulation of suppressor lymphocytes. 
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Figure 4.18 The proportion of L3T4 cells expressed as a percentage of the 
total L3T4 and lyt 2 cells in the MLN during a primary infection of 2501-3 
H. po/ygyrus Mean % of the proportion, + one SE (3— 7 mice per group). 
Horizontal line represents mean for uninfected mice (n=15, 14, 9 for CBA, 
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Figure 4.19 The proportion of L3T4 cells expressed as a percentage of the 
total L3T4 and Lyt 2 cells in the spleen during a primary infection of 2501-3 
H. polygyrus Mean % of the proportion, + one SE (3— 7 mice per group). 
Horizontal line represents mean for uninfected mice (n=15, 16, 9 for CBA, 
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Effects of infecting mice with irradiated larvae 
In a preliminary experiment, mice were immunised with larvae treated with 
gamma irradiation (30Krads) in an attempt to halt maturation of the tissue 
stage of the parasite (Behnke et. a/. 1980, see also Chapter 3). This type of 
infection has been demonstrated to be more immunogenic than a conventional 
infection, as measured by greater cellular proliferation in the secondary 
lymphoid tissues, and the induction of better protection against a challenge 
infection (Hagan et. al. 1981). Therefore, MLN and spleen were analysed in the 
FACS to identify any cellular changes through which this heightened immunity 
might have been able to act. Day 7 was chosen for this investigation as it 
represents a time of high immune activity, and the experiment was carried out 
in CBA mice. 
The results from this experiment can not be counted as conclusive, due to 
the limited analyses undertaken. It was also found that parasite development 
was delayed rather than prevented, despite the high dose of irradiation used. 
The assay did demonstrate that no large deviations from the normal pattern of 
immune responses had occured (Table 4.4), and there was no obvious change 
which could be associated with an improvement in the host's ability to 
respond to challenge infections. The changes in the Thy 1.2 and slg staining 
frequency were of the same order of magnitude as those accompanying a 
normal 2501-3 infection. This was also true of the L3T4:Lyt2 ratios, with no 
changes in favour of either cell type. 
Infection by transplantation of adult parasites 
In contrast to irradiated larval infections, adult parasites induce a poorer 
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TABLE 4.4 
Results of FACS analysis of secondary lymphoid tissues after infection 
with irradiated H. polygyrus 
Tissue Group % Positively  Stained cells 
MLN sIg Thy 1.2 L3T4 
Control 22.2 78.3 68.5 
Infected 1 37.1 60.4 73.9 
Infected 2 41.9 55.4 78.2 
Spleen 
Control 59.9 43.9 64.8 
Infected 1 54.5 31.8 60.0 
Infected 2 55.8 32.7 66.9 
FACS analysis of the spleen and MLN 7 days after infection with 250 
irradiated (30Krads) H. polygyrus larvae in CBA mice. The proportions of 
cells staining positive for Thy 1.2 and slg are expressed as a percentage of 
the total lymphocyte population. +  The value for L3T4 are expressed as a 
percentage of the the total L3T4 plus Lyt2 populations. Control, 
uninfected mouse. Infected 1 and 2, individual mice inoculated with 
irradiated larvae. 
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immune response than a normal full infection (Behnke et. a. 1983, Jacobson 
et. al. 1982). For this reason it was of interest to study such an infection by 
FACS analysis, as immunodepression may be reflected in changes in 
subpopulations of the lymphoid cells. 
In a preliminary study of adult H. po/ygyrus infections in CBA and BALB/c 
mice (Table 4.5) it was difficult to assess the effect of the parasite on the 
immune system until several days after the operation. This was because 
leakage of the gut contents into the peritoneal cavity and circulatory system 
during the laparotomy stimulated the immune system and masked 
anti-parasite activity. Sham transplants in both strains of mice, which were 
controls for such inflammation, had increased MLN cellularities and relative 
weights on day 7, but by day 14 these had fallen to nearer untreated levels. 
In the transplanted mice, day 14 MLN cellularities and weights were higher 
than at day 7, indicating stimulation due to the parasite. This trend was also 
mirrored in the spleen. These increases in tissue size were equivalent to, or 
greater than those seen in the course of a normal primary infection. These 
results cannot be compared directly due to the nature of the experiment, and 
the probability that the cellular multiplication in these tissues may be 
augmented by the effects of gut contents on the immune system. 
FACS analysis of MLN in adult infected CBA mice showed the sIg and 
single Thy 1.2 k values to be little changed. BALB/c MLN slg cells greatly 
increased in frequency, up to 52% on day 14, a value similar to that for a day 
7 larval infection. There was a concurrent decrease in Thy 1.2 cells by 22%. 
In the spleen of BALB/c mice the slg, proportion increased by day 14 which 
was unusual as increases in this population were only seen previously in NIH 
mice. There was a corresponding drop in Thy 1.2 k cell frequency to a very low 
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TABLE 4.5 
Results of FACS analysis after infection with 100 adult H. oolvcfvrus 
% stained +ve tissue % tissue 
slg Thyl.2 L3T4 celluJ, arity weight 
MLN (x10 
CBA 
Control 1 30.8 70.1 68.3 4.3 0.99 
Control d7 32.2 70.3 67.8 6.0 1.67 
Control d14 39.5 - - 6.0 1.62 
Infected d7 27.4 75.4 70.7 5.83 1.17 
Infected d14 35.8 - - 7.74 2.53 
BALB/c 
Control 1 26.5 71.7 71.6 9.74 1.56 
Control d7 37.0 64.1 73.8 15.1 2.56 
Control dl4 38.0 64.4 72.5 10.6 2.37 
Infected 0 42.6 55.2 73.3 5.0 2.32 
Infected d14 52.0 49.5 71.1 10.1 3.70 
SPLEEN 
Control 1 62.2 44.3 65.4 14.8 2.20 
Control d7 56.5 30.1 71.0 10.4 5.73 
Control dl4 - - 21.7 3.60 
Infected d7 57.3 31.1 62.4 12.5 3.28 
Infected d14 - - - 16.0 6.08 
BALB/c 
Control 1 56.0 38.2 67.0 16.5 3.95 
Control d7 61.0 21.1 65.7 15.4 6.45 
Control dl4 53.0 36.0 70.5 12.7 4.90 
Infected d7 51.0 25.9 74.2 3.5 3.54 
Infected d14 69.0 11.7 71.7 26.4 11.89 
FACS analysis of the spleen and MLN on selected days after infection with 100 
adult H. polygyrus. The mean worm recovery on the day of the assay was 
73 for BA and 74 for BALB/c mice. Control 1; mean of two uninfected mice. 
Control d7 and d14; the mean data of two mice which underwent a sham 
transplant, ie the same treatment as the infected mice but no parasites and 
assayed either 7 or 14 days after the operation. Infected mice were operated 
on and adult worms administered into the lumen of the intestine, followed by 
an assay on either day 7 or 14. The proportions of cells staining positive 
for Thy 1.2 and slg are expressed as a percentage of the total lymhocyte 
population. The values for L3T4 are given as a percentage of L3T4 cells 
plus Lyt2 cells. Percentage tissue weight is the weight of the organ as 
a percentage of the body weight. 
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TABLE 4.6 
Statistical comparison of results from selected FACS analysis days 
Mean % Increase in Cell No. over Control 
Figure Tissue Cell Day BALB/c CBA (p*) NIH 	(p*) 
4.14 MLN T 21 251.7 180.3(<0.01) 112.2(40.01) 
28 206.6 158.4(40.01) 182.9(NS) 
4.15 MLN B 7 291.2 200.2(<0.01) 155.2(0.01) 
21 422.7 266.0(<0.01) 249.7(<0.05) 
28 273.5 238.1(NS) 411.0(<0.01) 
4.16 Spleen T 7 97.6 123.0(NS) 170.1((0.05) 
28 93.2 134.0(NS) 198.1((0.05) 
4.17 Spleen B 10 142.8 144.0(NS) 259.9(<0.01) 
21 149.6 135.9(NS) 136.7(NS) 
28 96.8 174.1(<0.01) 159..3((0.01) 
* Data for CBA and NIH mice compared with the BALB/c mean on each line 
Probablity calulated by students' t test. NS = not significant 
Note: students' t test only allows two such comparisons for each set of data. 
level of 12%, leaving a population of cells, null cells, unaccounted for of about 
20%. It is important to remember that these changes were due to an 
inoculation of only 100 adults, but the comparisons are against the large 
infections of 250 larval worms. Obviously the adult stage of H. po/ygyrus does 
induce an immune response in the mouse host. How these reactions are 
affected by the lack of prior exposure to the larvae is unclear, but the adult 
does not prime the host sufficently well for full immunity to challenge to 
develop (Behnke et. a/. 1983, Jacobson et. at 1982). 
DISCUSSION 
The present study investigated variations of I and B lymphocyte 
populations within the MLN and spleen of infected NIH, BALB/c and CBA mice 
to determine whether the low responder status of the latter reflects abnormal 
responses by either cell type in. the presence of the parasite antigens. Thy 1.2 
was used as a differential marker as it is expressed predominantly on 
thymocytes, T cells and brain tissue. Its presence on murine T cells but not B 
cells has long been used to distinguish between these two populations of 
lymphocytes: (Reif & Allan 1969, Williams & Gagnon 1982). The binding of a 
rabbit anti-mouse lgG-FITC conjugate to cell surface immunoglobulin was 
used as the measure of B cell frequency (Vitetta et. at 1971), but the data so 
obtained were confirmed by use of the Fab fragment of a similar reagent, and 
of antibodies to the B cell differentiation marker, B220. 
The parasite's fourth larval stage is believed to be responsible for the 
stimulation of protective immunity in the responder strains of mice (Pritchard 
& Behnke 1985). The presence of L4 worms in the intestinal wall coincides 
with both the timing of leucocytosis in the circulation observed by Ali et. at 
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(1985) and the peak proliferative responses of the secondary lymphoid organs 
(Chapter 3). This association now extends to the striking increase in B cell 
frequency reported here in the MLN. In all three strains the proportion of B 
lymphocytes rose rapidly and in step with the increase in cell division to give 
a peak value by day 7 or earlier. There was a corresponding decrease in the 
percentage of I cells, although in absolute terms T cell numbers showed a 
gradual rise as node cellularity increased. The spleen B cell population 
showed an increased frequency in the NIH mice but a reduction in the other 
two strains. These alterations in the lymphocytic cell populations in the spleen 
were of a transient nature and the relative frequencies of slg + and Thy 1.2
+ 
 
cells had returned to control levels by day 28 of a primary infection. Indeed in 
CBA mice infected with 2501-3 these cell frequencies had returned to control 
levels before this time, by day 21 in the MLN and day 14 in the spleen. 
When frequency data were corrected to give values for the total numbers 
of B cells present, it became clear that they continued to accumulate within 
the nodes and spleens of BALB/c and NIH mice. CBA mice showed a similar 
though less marked effect, in agreement with much smaller increases in 
lymphoid tissue cellularity. One well established feature of H. po/ygyrus 
infections which depends on B cell activation is an increase in serum IgGi 
(Crandell et. at. 1974, Pritchard et. at. 1983, Knopf et. al. 1979). This is most 
pronounced after repeat exposure to the parasite, but smaller increases have 
been observed after two or three weeks of a primary infection (Crandell et. at. 
1974). In agreement with this finding, it now appears that underlying cellular 
responses are set promptly in motion following first encounter with the 
parasite antigens. Furthermore, in NIH mice at least, they are driven by adult 
antigens as well as larval products. Functional immunity is not confined to the 
larval stages of H. po/ygyrus since antibodies specific for adult antigens are 
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readily detected in immune sera, including the IgGi fraction (Molinari et. a/. 
1978, Pritchard et. at 1983a, see also Chapter 6). Equally, adult extracts may 
form an effective vaccine, particularly when administered with adjuvant 
(Monroy et. a/ 1985). In many strains an adult infection alone does not prime 
the host for a challenge infection (Behnke et. a/. 1983, Jacobson et.a/. 1982). 
It was demonstrated here that an adult infection, using transferred worms, 
does elicit a response which changes the proportions of the lymphocyte 
subsets. 
The IgGi increases are known to provide some host protection (Behnke & 
Parish 1981, Dobson et. al. 1982, Pritchard et. a/. 1983) as up to 50% of the 
IgGi produced has specificity for adult worm antigens (Pritchard et. at. 1983a). 
The specificity of the proliferating B cells was not examined in the present 
study and it remains uncertain whether the response described here was due 
to stimulation by antigen or to the influence of some non-specific mitogen 
from the parasite. 
It is clear that in the early response to larval antigens, CBA mice showed 
no abnormality when compared with responder strains. At later times 
however, some significant differences between the strains emerged. In the 
nodes of both CBA and BALB/c mice the proportion of B cells began to fall as 
adult worms became established in the intestinal lumen, and in CBA lymph 
nodes the return of both B and T cells towards control levels was particularly 
apparent. In contrast NIH showed a prolonged response to the presence of 
the parasite, with B cells predominating over a four week period. This may 
simply reflect the high initial value for B cells seen in the nodes of uninfected 
NIH mice, but it seems more likely to be linked to the stimulus which 
prompted the continued rise in node cellularity (Chapter 3). In the spleens of 
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NIH mice the frequency of B cells fell after day 7, while in the CBA and BALB/c 
strains, B cells fluctuated above the control level, but none of these changes 
were as pronounced as those in the nodes. This may reflect the less 
important role of the spleen (Ali & Behnke 1985), and the fact that relatively 
less antigen localises there. During the adult stages of the parasite, when the 
worm resides in the lumen of the intestine, the access into the circulatory 
system for the antigens is reduced compared to its tissue stages. Adult 
derived antigen may then be confined to the lymphatic circulation. Therefore, 
the proteins secreted by the mature worm could be rapidly taken up by the 
MLN, and be unavailable to stimulate the spleen. The spleen would then play 
a minor role, secondary to the MLN, as has been previously suggested (Ali & 
Behnke 1985). 
The presence of adult worms in the intestinal lumen is now clearly linked 
to the onset of the immunosuppression which is a feature of H. polygyrus 
infections (Pritchard & Behnke 1985, Pritchard et. al. 1984a, Ali & Behnke 1984). 
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It noteworthy that of the three strains examined, only the responder NIH were 
capable of maintaining the initial B cell response into the period of 
parasite-induced suppressive activity. 
While the proportion of Thy 1.2 k cells declined as the B cell population 
expanded in the MLN, the level of cell division was such as to give a small 
absolute increase in T lymphocytes. This reached a maximum at day 21 in the 
nodes in BALB/c mice, a time when in vitro reactivity of T lymphocytes to 
H. po/ygyrus extracts is also at its peak (Price & Turner 1986a). T cells are 
necessary for the expression of immunity against the parasite in secondary 
infections (Prowse et. al. 1978b), although their role in primary infections is 
unclear. It is not known if the proliferative response of B cells was I cell 
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dependent, but the L3T4, Lyt 2 population of T cells has been implicated in 
the transfer of immunity to T. spiral/s (Grencis at. al. 1985). The relatively 
high incidence of helper cells in NIH mice (Figure 4.18 and 4.19) may be a 
factor in this strain's ability to respond effectively to reinfection. 
In FACS analysis the vast majority of non-lymphoid cells can be removed 
from the analysis by the selective use of gating. The amount gated out varies 
with the tissue; in the spleen of uninfected mice after the forward scatter gate 
has been set, 10-12% of the cells are removed by the 900  gate. In the MLN a 
smaller proportion is eliminated at this stage, normally 6-8%. The 900  scatter 
gate allows the exclusion of monocytes and granulocytes and a higher 
proportion of these is found in the spleen. However, this cut off is not 
absolute and a homogeneous population of lymphocytes is not obtained, 
particularly in the spleen. It would therefore be expected that a higher 
proportion of null cells, Thy 1.2 slg, might be gated in and contaminate the 
lymphoid population. During a primary infection there is a rapid increase in 
circulating leucocytes (4-5 fold) consisting of neutrophils, monocytes and 
eosinophils in addition to the lymphocytes (Ali et. at 1985). This cellular 
multiplication produces more non-lymphoid cells with similar 90 scatter 
profiles to lymphocytes, and hence might have led to an increase in the null 
cell populations during the period of greatest cellular proliferation. In addition 
a small proportion of these cells may have been B cells which, on 
differentiation to mature plasma cells, lost their slg marker together with C3 
receptors and la antigens, although this is not always so. In mice a large 
proportion of both 1gM and lgG PFC had detectable slg as late as 10 days after 
a primary immunisation and 4 days after a secondary challenge (Nossal & 
Lewis 1972). The slg population of B cells could not have been a large 
proportion as B220 staining was consistent in relation to the frequency of slg 
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cells. Further evidence for there not being a population of sIg B220 cells 
comes from studies of LPS stimulated spleen cells. FACS analysis of these 
differentiated cells showed no loss of their slg frequency compared either to 
the B200 value or the slg percentage prior to stimulation (D. Fowlis pers 
corn). 
Why the two responder strains should provide such a contrast in their 
proportions of null cells is unclear. BALB/c may produce more granulocytes 
and monocytes during infection than NIH, but the BALB/c control levels for null 
cells are higher. In 90 0  scatter pictures, the increase in these cells was visible 
with large numbers of them trailing down into the lymphiod population. 
In some NIH mice the slg plus Thy 1.2' total was above 100%. This was 
most evident in the MLN on day 14, when their combined total reached 104%. 
This discrepancy is an inherent problem in FACS analysis where the values for 
the proportion of positive cells are correct to within a very few percent, and 
the addition of these can compound the error. 
The reduction in fluorescence of the sIg population in infected mice, 
which was attributed to a reduction in the concentration of this marker on the 
surface of B cells, coincided with peak proliferation in these tissues. Rapid cell 
production could explain the dilution of the surface marker on the grounds 
that newly formed cells had less slg as they had not completed their surface 
immunoglobulin production and secretion. However, the staining intensity of 
B220 and Thy 1.2 cell markers was not reduced. It has been postulated by 
many workers that B cells, on maturation to plasma cells, lose their surface 
1gM but, as indicated above, Nossal and Lewis (1972) found a high proportion 
of lgG and 1gM plasma cells still retained their surface immunoglobulin. 
Reduced staining intensity might be interpteted as the first stage towards loss 
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of slg, but this does not explain why it occurred in the MLN and not in the 
spleen. However, the MLN does seem to produce a greater proportion of B 
cells than the spleen at this time. 
The nonspecific attachment of the--anti — slg reagent to cells which carry Fc 
receptors was eliminated by the demonstration, that an Fab fragment reagent 
produced the same proportion as the whole molecule. Similarly cytophilic 
binding was shown not to be a factor in the binding of the B cell markers. 
It was observed that during certain spleen assays a third population of 
cells were visible and appeared to be stained by both slg and Fab reagents. 
These were most notable during peak cellular responses in BALB/c mice and 
for some days following peak NIH responses. The extra body, in between the 
position of the normal positve and negative peaks, would appear to be B cells 
which lack the B220 marker. The anomaly coincides with the period of highest 
cellular proliferation in these tissues and whether this had some bearing on 
the staining profile is unclear. No additional populations were stained with 
any of the other monoclonal anitbodies used in these assays. It is of interest 
to note that in many of the FACS profiles of the MLN cell suspensions stained 
with slg, from infected NIH and BALB/c mice, that the separation between 
positive and negative populations was not very clear. There frequently appear 
to be a population of cells of intermediate staining intensity that was not 
present in uninfected animals of these strains. However this population was 
not large enough to produce a prominent peak. The extra population appeared 
at the same time as the third body in the spleen occurred. Such changes in 
the staining for B220 and Fab were not seen. 
The immunosuppressive effect which H. poIygrus adults exert on their 
host may work to aid parasite survival (Pritchard & Behnke 1985). It has been 
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suggested that this might be mediated at the inductive stage of the response 
through the inhibition of clonal expansion of stimulated lymphocytes. 
However, the level of the in vivo B cell response reported here renders it 
unlikley that these cells were a target of the parasite products which have 
been shown to inhibit lymphoproliferative responses in vitro (Price & - Turner 
1986b). 
T cells in the mouse are charactised by the Thy 1 marker. These 
lymphocytes can be further divided into subsets by labelling with reagents 
against the surface determinants L3T4 and Lyt 2. L3T4 is expressed by the 
helper/inducer subset of murine T cells (Th/i) which responds to antigens 
associated with class II MHC (Dialynas et. al. 1983). Lyt 2 cells have been 
shown to have suppressor/cytotoxic activity (Ts/c) (Cantor at. 8/. 1976) and 
respond to MHC class I. However, this grouping of I cells is not definitive, and 
an overlap in the surface markers and activities of the two populations has 
been found. For example, interleukin 2 production by a snall minority of Lyt 
2 cells has been detected (Heeg at. a/. 1987), due to Tb cells in this 
popluation. The presence of a population of class I antigen— specific L3T4 
cytotoxic lymphocytes activated in a primary mixed lymphocyte reaction has 
also been found (Macphail & Stutman 1987). These groups would seem to 
form a minority population in the overall classification of these cells, but a 
notable one as the surface antigen phenotype of lymphocytes does not define 
their functional activity as accurately as previously believed. In the process of 
thymocyte maturation Lyt 2 and L3T4 are coexpressed (Fowlkes et. al. 1985), 
and it is only on leaving the tissue as mature I cells that Lyt2 and L3T4 are 
expressed on mutually exclusive subsets of T cells (Scolly & Shortman 1983). 
A subpopulation of adult mouse thymocytes, found in the peripheral 
circulation, (less than 5%) express no Ly 2 or L3T4 surface antigens, these 
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cells are possibly early precursor thymocytes (Fowikes et. al. 1985, Lanier et. 
al. 1987). 
The sum of the percentages obtained for the L3T4 and Lyt 2 staining 
gave a figure that was very close to the Thy value in NIH mice. In the CBA 
and BALB/c mice their addition tended to overestimate the Thy population 
by up to 8%. This could be due to a higher proportion of immature L3T4Lyt 
2 cells in these strains. The difference between the L3T4 and Lyt 2 total 
and the Thy 1.2 k percentage did not greatly fluctuate on the different days 
studied. 
The presence of excessive numbers of suppressor cells results in severe 
immunodeficiency, such as is seen in the human infections with Epstein-Barr 
virus and cytomegalovirus (Reinherz et. al. 1980). The ratios of CD4/CD8 cells, 
the human equivalent of mouse L3T4/Lyt2, is important and deviations from 
the norm have been found in Kaposi cell sarcoma (Wallace at at 1982) and 
lepromatous leprosy (Mehra at at 1980) where they are assiciated with 
generalized immunosuppression. 
A role for suppressor T cells in parasite-mediated immunosuppression has 
also been proposed (Pritchard et. at 1984a). However, analysis of L3T4 4 and 
Lyt2' cells revealed no selective expansion of the Ts/Tc population. Rather, in 
all three strains, there was evidence for a small increase in the frequency of 
Th cells, a response which was most prolonged in the low responder CBA 
mice. If immunosuppression depends simply on the Th:Ts balance then the 
data do not support a role for suppressor T lymphocytes, least of all within 
the CBA strain, unless these cells were preferentially expanded within the Lyt2 
population. Likewise, the greatest overall increase in T cells, and therefore of 
individual sub-populations, occurred in the responder BALB/c strain rather than 
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in CBA. 	Infections involving either the adult alone (transplanted) or 
predominantly larval exposure (irradiated) produced no significant trends in the 
ratios of these cells in the low responder strain. Thus there is no simple 
explanation based on suppressor cell activity to account for the status of CBA 
mice, or for the inability of responder strains to control a primary as opposed 
to a challenge infection. 
Mice of the NIH strain appear to be resistent to the suppressive effect of 
the parasite on a number of counts, particularly the responsiveness which 
continued at times when the adults were established in the intestine. Whether 
these responses were directly related to the ability of NIH animals to control a 
secondary infection must remain open to question. BALB/c mice eventually 
show a similar degree of immunity but clearly respond in a distinct manner 
during a primary infection. These experiments have not identified the cellular 
defect in the low responder CBA strain. Although they show only a small 
increase in lymph node cellularity, CBA mice produced the greatest 
proportional increase in B cell frequency relative to their control values. In 
some other respects as well they were difficult to distinguish from the 
responder strain BALB/c. Exposure to the parasite in responder strains provides 
some stimulus that enables them to develop immunity to future challenge 
infections. Some insight into the associated changes is given here. The 
precise nature of these events requires further study, particularly since the 
differences which have emerged so far do not correlate precisely with the 
responder status of these three strains. 
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CHAPTER 5 
CELLULAR CHANGES ASSOCIATED WITH SINGLE AND MULTIPLE 
H. POL YGYRUS INFECTIONS 
INTRODUCTION 
This chapter describes a number of experiments, some of them preliminary 
in nature, which supplement and extend the observations on tissue responses 
to primary infections described in Chapters 3 and 4. In addition, the responses 
to a variety of multiple infections were investigated. 
Mice with an H. polygyrus infection have been shown to exhibit marked 
changes in their total and differential blood leucocyte counts (Baker 1962). 
This Ieucocytosis commences as early as 3 days after a primary infection and 
peaks on days 7 to 10, coinciding with the emergence of young adults from 
the mucosal wall of the small intestine. The rapid increase in circulating white 
cells is composed mainly of lymphocytes and neutrophils, though additionally 
a slight rise in monocytes has been reported (Baker 1962, Cypess 1972, 
Prowse et. al. 1978a, Ali et. al. 1985). In most animals the total counts return 
to uninfected levels by day 25, although in some cases a persistent 
leucocvtosis remains (Prowse at. al. 1978a). 
Evidence for the involvement of granulocytes in H. po/ygyrus immunity has 
been found in selective deletion experiments by Penttila at. a/. (1983). In 
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conjunction with complement, monoclonal antibodies were used to remove the 
majority of the granulocyte population. The results showed that neutrophils 
played a predominant role in early resistance to reinfection but that they 
became progressively less essential as activated macrophages, and following a 
challenge infection, eosinophils started to become more prevalent. The 
macrophage would still appear to be an important component of the immunity 
during multiple infections, as it has been shown to bind in vivo to L3 larvae, 
impairing their infectivity (Chaicumpa et. al. 1977, Chaicumpa & Jenkin 1978). 
Immune mice are characterized by a substantial eosinophilia (Cypess 1972) 
and macrophages and eosinophils are reported to come into intimate contact 
with encysting larvae, forming an integral part of the granulomatous lesions 
that develop around damaged worms (Jones & Rubin 1974). The granulomas 
from immune animals contain predominantly eosinophils (Jones 1974). It is 
not clear at present whether the eosinophils are actively involved in the killing 
process or attracted to the site in a secondary role once the worm is killed. 
However, other cells must also be involved, as mice develop partial immunity 
after a single infection when eosinophils, at least those detected in the 
circulation and peritoneal cavity, are virtually absent (Prowse et. al. 1978a). 
Since the peak leucocytosis reported by others coincides with changes in 
proliferation and cell frequency described in chapters 3 and 4 an investigation 
into the leucocyte response to a primary H. polygyrus infection is reported 
here. The changes in the proportions of the cells that comprise the leucocyte 
population in the peripheral circulation were recorded by differential counts 
after staining. Further studies of the lymphocyte populations were possible by 
the use of flow cytometry. This technique allowed quantification of the 
changes occurring in the B and I cell populations as well as in T cell 
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subpopulations to be monitored. It was of interest to determine whether 
these changes reflected those recorded within the lymphoid tissues. 
In a primary infection of H. po/ygyrus very few mouse strains are capable 
of mounting a successful immune response and expelling the parasite. It is 
only on re-exposure that reductions in the worm burden are achieved (Van 
Zandt 1961, Bartlett & Ball 1972) and that differences between high and low 
responder strains become apparent (Behnke & Robinson 1985). It is generally 
believed that immunity to H. polygyrus is elicited by, and acts preferentially 
against the L4 stages during their residence in the intestinal walls (Bartlett & 
Ball 1974, Hagan et. al. 1981, Pritchard et. a/. 1983). However Cypess et. al. 
(1988) found the loss of larvae before day 6 left no signs of inflammation 
remaining to mark the site of destruction and no cysts containing dead or 
fragmented larvae were detected. They also confirmed the finding that those 
larvae able to mature are progressively lost as adults from the intestine after 
they emerge from the mucosa into the intestinal lumen (Behnke & Parish 
1979a). Nevertheless, adult worms on their own in the intestinal lumen do not 
stimulate acquired immunity nor are they affected markedly in mice otherwise 
totally resistant to larval challenge (Behnke et at 1983, Jacobson et. al. 1982, 
Bartlett & Ball 1974). Furthermore there is evidence that adult parasites are 
immunomodulatory, suppressing the generation and expression of host 
protective responses (Behnke et. al. 1983, Cayzer & Dobson 1983, Behnke & 
Robinson 1985). 
Where immunising schedules involving superimposed infections have been 
adopted the mice have been subjected to both stimulation, by larvae, and 
suppression, by adult worms. Indeed, resistance to a superimposed challenge 
infection is comparitively weak compared to the immunity developed following 
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an anthelmintic abbreviated infection (Behnke & Robinson 1985). 
With these considerations in mind, a number of preliminary studies using-
various multiple infection regimes were undertaken to immunise mice against 
H. po/ygyrus Using the techniques described for primary responses in 
Chapters 3 and 4 to measure cellular proliferation and the frequency of 
lymphocyte populations, an attempt was made to correlate the immunity 
produced with the tissue responses of the host. In some stimulatory 
infections parasites were removed soon after their emergence from the 
intestinal wall in order to reduce the possibility of adult-secreted 
immunomodulatory factors reducing the effectiveness of the stimulating 
infections. In other cases the adults were allowed to remain for some weeks 
and only removed immediately prior to the challenge infection. The effects of 
superimposing an H. po/ygyrus infection on an initial infection was also 
investigated to determine the response to a second infection while a primary 
infection was still present. 
MATERIALS AND METHODS 
In all the experiments two strains of mice were studied, low responder CBA 
mice and a strain which was able to develop partial immunity to H. po/ygyru.5 
BALB/c. In an investigation using multiply-infected animals, NIH mice, a strong 
responder were included. In most cases five mice were assayed in each group 
and where a different number were used a note in the figure or table legend is 
given. The results are expressed as a mean, + one SE. The student's t-test 
was applied to the data, and differences between means giving a value of p< 
0.05 were regarded as significant. 
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The blood was collected from etherised mice by bleeding from the retro 
orbital sinus. Total white cell counts were made by staining with AO/EB and 
examining under fluorescent light. Differential counts were calculated from 
smears stained with May-Grunwald/Geimsa (Hudson & Hay 1976). One 
hundred cells on each slide were counted and the mean, + one SE is shown. 
Blood and tissues studied by FACS analysis were collected and stained as 
described in Chapters 2 and 4. Cellular proliferation in the tissues was 
measured by the uptake of 125IUdR (for details see Chapters 2 and 3). Adult 
transplants were carried out as mentioned earlier (Chapter 2). 
The details of the multiple infection regimes are given in the text for the 
individual experiments. 
RESULTS 
Effect of an H. po/ygyrus infection on the blood leucocyte population 
Following a primary infection with H. po/ygyrus in CBA and BALB/c mice, 
blood samples were taken at intervals over a 28 day period to determine the 
changes in the concentration of leucocytes in the peripheral circulation. The 
results are presented in Figure 5.1. From the data it can be seen that both 
strains produced a pronounced increase in leucocyte numbers in response to 
the parasite. In CBA mice circulating cell numbers reached a peak of between 
3 and 4 times the control value on day 7, while in BALB/c mice there was a 
similar rise, although the peak was slightly lower and occurred 3 days later on 
day 10. This increase was transient and in both strains there followed a fall to 
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Figure 5.1 Mean total leucocyte count, + one SE, in one ml of blood after a 
primary infection of 2501-3 U. po/ygyrus (5 mice per group). Horizontal line 
represents the mean value for uninfected control mice), + one SE (n=40 and 42 




















0 	 10 	 20 	 30 














0 	 10 	 20 	 30 
DAYS AFTER INFECTION 
control levels by day 21. 
A closer examination of cellular changes in the peripheral blood was 
undertaken by May-Grunwaid/Giemsa staining of smears (Figure 5.2, 5.3 and 
5.4). This revealed that the proportion of monocytes, in the total white cell 
count (wcc) of CBA and BALB/c mice, remained unchanged throughout the 28 
days of infection (Figure 5.2). However in the granulocyte and lymphocyte 
populations larger and complementary changes were seen (Figure 5.3 and 5.4); 
while the granulocytes in both strains increased in proportion, the frequency 
of lymphocytes fell. These cellular responses become apparent by as early as 
day 4 in both CBA and BALB/c mice. The changes in the proportion of both 
granulocytes and lymphocytes in CBA mice, after a brief fluctuation from the 
uninfected levels, were not significantly different from the control value by day 
10. These responses thus coincided with the period of peak leucocytosis. The 
shift in the cellular content of the BALB/c leucocyte population was of similar 
magnitude. With the exception of day 21, these changes persisted at 
significant levels over a four week period, with heightened granulocyte and 
reduced lymphocyte proportions. 
Cellular changes in the blood measured by FACS analysis in primary H. 
po/ygyrus infections 
Figures 5.5, 5.6 and Table 5.1 present the changes occurring in the slg and 
Thy 1.2 k cell populations in the blood over 28 days of a primary H. po/ygyrus 
infection. The slg cells, regarded as representing B cells, showed no 
significant deviations from the control value over the first 4 weeks of infection 
in CBA mice (Figure 5.5). Similarly the BALB/c mice had no significant change 
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Figure 5.2 The monocyte population expressed as a percentage of the total 
white cell count (WCC) in peripheral blood of mice following a primary 2501-3 
H. po/ygyrus infection. The mean of 3-5 mice, + one SE is plotted. The 
horizontal line represents the mean value for uninfected mice, + one SE (n12 
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Figure 5.3 The granulocyte population expressed as a percentage of the total 
white cell count (WCC) in peripheral blood of mice following a primary 2501-3 
H. po/ygyrus infection. The mean of 3-5 mice, + one SE is plotted. The 
horizontal line represents the mean value for uninfected mice, -4- one SE (n12 
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Figure 5.4 The lymphocyte population expressed as a percentage of the total 
white cell count (WCC) in the peripheral blood of mice following a primary 
2501_3 H. polygirus infection. The mean of 3-5 mice, + one SE is plotted. The 
horizontal line represents the mean value for uninfected mice, + one SE (n12 
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in their slg' population until day 28, on which there was a significant fall (p< 
0.05). This reduction in the proportion of slg cells, in conjunction with the 
drop in the total white cell count at this time, would result in a below normal 
B cell number in the blood. 
Analysis of circulating T cells using antibodies to the Thy 1.2 marker 
indicated a decrease in I cell frequency in the early stages of infection in CBA 
mice. This is illustrated in figure 5.6 which shows the proportion of Thy 1.2 k 
cells over a 4 week period. It can be seen that the frequency of T cells 
declined to a minimum value on day 7 followed by a recovery towards control 
levels. However the depressed T cell level was maintained, and on day 28 it 
was still significantly below uninfected levels. 
It was found with BALB/c mice, in particular, that the anti-Thy 1.2 reagent 
was unreliable as a stain for blood lymphocytes, producing on occasions FACS 
profiles which were difficult to interpret. This experience agrees with that of 
other workers in the laboratory using the same reagent for analysis of 
peripheral blood. Despite this, some results were obtained and are shown in 
Table 5.1. Unlike the CBA mice, BALB/c mice did not showed such a sudden 
drop in their I cell frequency. The frequency of Thy 1.2 k cells did fall by day 
10 and showed no signs of recovering after this time. Indeed there was a 
continued decline in frequency on day 14, the last day 'analysed for this strain. 
For how long the T cell population remained depressed after day 14 was 
unclear due to the staining problems. Some indication of the T cell responses 
in BALB/c mice was given by results from other monoclonal antibody stains 
used in the assays. 
In contrast to the situation with the anti-Thy 1.2 reagent, the analysis of 
L3T4 and Lyt 2 cells was more successful. The sum of these two 
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Figure 5.5 The frequency of B (slg) lymphocytes in blood cell suspensions 
from (A) CBA and (B) BALB/c mice following a primary 2501-3 H. po/ygyrus 
infection. Plotted is the mean percentage positive, + one SE (3-5 mice per 
group). Horizontal line represents the mean for uninfected mice, + one SE 
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Figure 5.6 The frequency of T (Thy 1.2) lymphocytes in blood cell suspensions 
from' CBA mice following a primary 2501-3 H. po/ygyrus infection. The mean 
percentage positive, + one SE, is plotted (3-5 mice per group). Horizontal line 
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TABLE 5.1 
FACS analysis of blood from BALE/c mice after an infection of 250L3 H. 
polygyrus 
Group 	 % stained +ve 
Thy 1.2 	 N0 . 
Control (uninfected) 	54.9±3.7 	 14 
Infected day 4 	 55.0±1.8 	 3 
Infected day 10 	 47.8+1.7 	 3 
Infected day 14 	 43.4+4.8 	 3 
The frequencies of T (Thy 1.2) lymphocytes are expressed as a percentage 
of the total lymphocyte population. These results are presented as a mean, ± 
one SE. N0 ; the number of mice in each group. 
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populations also represents the I cell population (see Appendix 2 for data). 
The combined frequency of Lyt 2 and L3T4 cells in CBA mice circulation fell 
to a low point on day 7 and thereafter returned to control levels by day 28, 
mirroring and so confirming the changes observed in the Thy 1.2 cell 
population. In BALB/c mice the L3T4 plus Lyt 2 cell population showed a fall 
in frequency by day 14, a delayed fall in comparison to that seen for the Thy 
1.2k cell staining populations. However, the L3T4'Lyt 2 population recovered 
to slightly above control values by day 28 and remained at this level until at 
least the third month of infection, when they were last assayed. These results 
go some way in confirming the results obtained when staining with Thy 1.2. 
Overall it appeared that there was a fall in the frequency of T cells over the 
period of peak tissue proliferation but that there was a recovery to uninfected 
levels within 28 days. 
Individually the analysis of L3T4 and Lyt2 cell populations gave an 
indication of T cell subpopulations in the two strains of mice. The results of 
this analysis are presented in Figure 5.7. It can be seen that, as with the 
secondary lymphoid tissues, there was no evidence for an increase in the Lyt 
2' population during the first 4 weeks of infection, and therefore no indication 
that the suppressor/cytotoxic I cell pool had been preferentially expanded. If 
anything the data suggest, at least for CBA mice, a small but transient 
increase in helper T cells during the first week. BALB/c mice, in contrast, 
showed no increases and the relative proportions of these cells fluctuated 
around the control level. 
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Figure 5.7 The proportion of L3T4 cells expressed as a percentage of the total 
L3T4 4  and Lyt 2 cells in the blood during a primary infection of 250L3 
H. polygyrus in (A) CBA and (B) BALB/c mice. The mean percentage, 
4- one SE, 
is plotted (3-6 mice per group). Horizontal line represents the mean for 




























4 	7 	11 	14 	18 	21 
	
25 	28 
DAYS AFTER INFECTION 
FIGURE 5.7B 
4 	7 	11 	14 	18 	21 
DAYS AFTER INFECTION 
25 	28 
Cellular changes in the blood after infection with 100 adult H. po/ygyrus 
The results of a limited study of the effects on the immune system of an 
infection with adult H. po/ygyrus alone are shown in table 5.2. Mice in two 
control groups underwent laparotomy but were not infected with the parasite 
(controls 2 and 3). Control 2 animals, assayed 7 days after the operation, 
tended to have a reduced slg frequency and a higher Thy 1.2 percentage 
compared to the unoperated control. A further 7 days later (control 3) both 
the sig and Thy 1.2 percentages had returned to near uninfected values and it 
would appear that the animals immune systems had recovered from the 
operation. Following infection with adults directly, evidence for a number of 
trends was seen, despite the small size of the groups. The proportions of Thy 
1.2 cells in the peripheral circulation showed no change in either BALB/c or 
CBA mice. This was similar to the situation found in a normal full 
H. polygyrus infection. Additionally, the indication of a drop in the slg cell 
frequency seen here in both strains was also common to mice infected with 
L3. In fact the reduction in slg 4 cell proportions shown here in CBA mice was 
greater than that seen in a normal infection. It is difficult to generalise on 
these results due to the small numbers of mice sampled in the assays. 
Nevertheless, the results for both these strains are consistent with a clearly 
defined adult induced effect, in isolation from previous larval exposure, on the 
blood borne lymphocyte populations. 
• The immune response to a superimposed H. polygyrus infection in CBA 
mice 	 - 
Following the investigation of tissue responses to primary H. polygyrus 
infections described in Chapters 3 and 4, and in the first part of this chapter, a 
number of preliminary experiments were set up to investigate the effects of 
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- 	TABLE 5.2 
Results of FACS analysis of the blood from mice infected with 100 adult 
H. polygyrus 
Group % stained +ve 
slg Thy 1.2 N0 . 
CBA 
Control 1 42.3 55.2 2 
Control 2 34.5 58.5 2 
Control 3 40.9 - 1 
Infected 1 29.9 51.3 3 
Infected 2 31.8 - 2 
BALE/c 
Control 1 41.1 58.2 	2 
Control 2 27.4 67.9 1 
Control 3 38.0 49.4 	1 
Infected 1 18.3 62.4 1 
Infected 2 37.8 53.0 	1 
The frequencies of Thy 1.2+  and  sIg+  cells are expressed as a 
percentage o the total lymphocyte population. The value is a mean where 2 or 
more mice (N ) were assayed. Control 1; mean of two uninfected mice. 
Control 2 and 3; mice which underwent a sham transplant, ie the saire treatment 
as the infected mice but no parasites, and were assayed on days 7 and 14 after 
the operation, respectively. Infected 1 and 2; mice transplanted with H. 
polygyrus and assayed on days 7 and 14, respectively. The mean worm recovery 
was 73 for CBA and 74 for BALE/c mice. 
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multiple infections. In the first of these experiments, mice were given two 
doses of 2501-3 7 days apart, without anthelmintic treatment. 
The effect of these concurrent H. po/ygyrus infections on the cellular 
proliferation in CBA mice is shown in Table 5.3. The infection scheme used 
here produced an increase in cellular multiplication in both the spleen and 
MLN. Despite the double dose of parasite, the increase in cell division was no 
greater than that induced by a single infection. In fact, on the two days 
assayed the lUdR uptake in the MLN was less than the peak primary response, 
a value of 3.41 compared to nearly 3.60 which occurred in a primary infection 
on day 7 (Chapter 3, Figure 3.6). The cellular multiplication in the spleen on 
both days assayed here was at a similar level to the maximum primary value 
found on day 7 (Chapter 3, Figure 3.7). 
The nature of the cellular changes during concurrent infections were 
investigated by flow cytometry (Table 5.4). In line with previous results from 
primary infections, the Thy 1.2 cell percentage fell in both the spleen and 
MLN but there was a greater reduction in the frequency of this cell population 
than had occurred during a single primary infection (Chapter 4, Figure 4.8 and 
4.6). In the spleen there was no sign of a recovery to uninfected levels by day 
21, 14 days after the second infection, while T cells in the MLN appeared to be 
returing to control frequencies after the day 14 low point. 
Possibly the most interesting result was the lack of any increase in the 
frequency of slg cells in the MLN. In a single primary 2501-3 infection the 
proportion of B cells almost doubled by day 7 (Chapter 4) but in this 
preliminary study of concurrent infections their frequency remained 
unchanged. A slight drop in slg cell frequency in the spleen occurred, similar 
to that found in a primary infection. The spleen's cellular responses to the two 
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TABLE 5.3 
Cellular proliferation in the tissues of CBA mice following two infections of 
250L3 H. polygyrus, 7 days apart 
ItJdR uptake 
MWR 	 SPLEEN 	 MLN 
Control 	 - 	 3.94±0.06 	2.91±0.08 
Infected day 14 	183.3±8.8 	4.30±0.03 	3.41+0.07 
Infected day 21 	186.7±6.7 	4.32+0.03 	3.20+0.05 
Four CBA mice were assayed in each group. IUdR uptake is expressed as the mear 
log 10  IUdR corrected cpri, + one SE. MWR; the mean worm recovery at the time of assay, +one SE. Control; uninfected. Infected day 14 and day 21; 
250L3 H. polygyrus on days 0, followed by a second infection on day 7 and 
assayed on either day 14 or day 21. 
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TABLE 5.4 
FACS analysis of the tissues of CBA mice following two concurrent infections 
of 250 L3 H. polygyrus, 7 days apart 
Group % stained +ve 
slg Thy 1.2 % 	L3T4 
MW 
Control 24.8+2.1 72.5±2.4 71.9+0.9 
Infected day 14 24.6 36.97' 
Infected day 21 24.8±2 .1 56.6+1.7 66.5+0.60 
SPLEEN 
Control 54.6±1.6 66.5+1.5 
Infected day 14 38.2 32.7 68.8 
Infected day 21 44.7+2.5 15.3+1.0 70.7±0.7 
The frequencies of slg+  and Thy 1.2+  cells are expressed asa mean 
percentage of the total lymphocyte population, + one SE. The mean values, 
± on SE, for L3T4 cells are given as a percentage of L3T4 plus 
Lyt2 cells. Control; three uninfected mice. Infected day 14 ; two mice 
which had received 250L3 H. polygyrus on days 0 followed by a second 
infection, on day 7, to rn concurrently and assayed on day 14. Infected day 
21; a group of five mice treated as infected day 14 and assayed on day 21. The 
worm recoveries for these infections are shown in table 5.3. 
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infections appeared to be more prolonged than those found in the MLN, both 
in the proliferation assay and change in T cell frequency. 
The proportions of L3T4 cells and Lyt2 1 cells showed no significant 
changes in favour of either population, a situation reflecting that found in a 
single exposure infection. 
Immune response to a challenge infection of H. polygyrus 
In a further set of experiments, responses to a challenge infection were 
investigated in mice whose primary infection had been terminated by 
anthelmintic. The ability of CBA mice to develop a degree of immunity to 
H. polygyrus under suitable immunising conditions was demonstrated by their 
reduced worm burden after challenge (Table 5.5). The mean worm recovery 7 
days after the challenge infection, 77.6, was significantly less than the control 
value, 121.0. The effectiveness of this immunising regime may have been more 
clearly demonstrated if the challenge infection had been allowed to continue 
past the seventh day, on which all mice were assayed, though it is generally 
regarded that termination of the infection occurs during the larval stages of 
the parasite (Bartlett & Ball 1974). 
In this experiment the mean relative spleen weight in the group of 
immunised animals was significantly higher than in both groups of control 
mice, including those experiencing a primary infection. However, the 
proliferative response to a challenge infection, in both the spleen and MLN, 
was not significantly above the response in mice undergoing a single exposure 
to the parasite. It is difficult to speculate on what the situation may have 
been regarding the cell division in these tissues after day 7. Whether the 
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TABLE 5.5 
The cellular proliferation in CBA mice after challenge infection of H. 
polyqyrus 
IrJdR UPTAKE 
Group 	Treatment 	MWR 	SPL % 	SPLEEN 	MLN 
Immunised 	77.6 	4.53 	4.30 	 3.57 
±11.9 ±0.16 -3-0.46 +0.04 
Control 	121.0 	3.50 	 3.94 	 3.45 
±10.7 ±0 . 17 ±0.17 +0.12 
Control 	- 	2.52 	3.72 	 2.89 
±0.20 ±0.06 ±0.03 
IUdR uptake in groups of five CBA mice; results are presented as a mean, -l-
one SE. Group 1; these mice recieved 250L3 H. polygyrus on day 0, on days 
8, 9 and 10 cleared of the infection by dosing with Pyrantel embonate, 
reinfected on day 12 and assayed on day 19, 7 days after the second 
infection. Group 2; no infection on day 0, thereafter treated as for group 1 
thus a 7 day primary infection. Group 3; no treatment. MWR; the mean worm 
recovery data. SPL % is the spleen weight expressed as a percentage of the 
body weight. IUdR is expressed as mean Log 10 IUdR corrected cpm. 
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immunised mice could have maintained or even increased their high level of 
cellular proliferation is unclear. Due to their greater expulsion of the worms 
and the reduced worm burden there may have been a reduced cellular 
proliferation. A dose related response to the parasite has been seen in the 
CBA mice where a 2501-3 infection produced greater immune reactions than a 
smaller 501-3 dose (Chapters 3 and 4). 
The results presented in tables 5.6 and 5.7 were obtained from experiments 
in which two immunising infections were cleared with anthelmintic paste prior 
to a third challenge infection. Table 5.6 presents the results in mice given two 
abbreviated infections on days 0 and 14 followed by a challenge infection on 
day 49. These animals were assayed 7 and 14 days later, on days 56 and 63. 
The worm recovery data showed that there was a fall in the worm burden in 
both CBA and BALB/c mice. Unfortunately, mice with a single infection were 
not assayed simultaneously with the. immunised mice, so a direct worm 
recovery comparison could not be made. Results of worm recovery from 
previous work indicated that by day 14 one would expect BALB/c mice to 
harbour 142.9+8.4 worms and CBA mice 138.9+9.3. The day 14 figure provides 
the most accurate results as all the parasites would have emerged from the 
intestinal wall by this point enabling easier counting of the worms. Immunity 
against them would have had more time to develop and for this reason was 
possibly more effective. Despite this the worm recovery on day 14 was higher 
than that on day 7, for both strains. Either the doses were inaccurate, though 
this is not suggested by the standard errors, or delayed maturation and 
emergence of the parasite lead to difficulties in assessment of the worm 
burden: 
The cellularity and weight increases of the MLN and the spleen in these 
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TABLE 5.6 
Results of FACS analysis in mice after a challenge infection of H. 
polygyrus 
% stained +ve 
MWR 	CelluJ,arity 	%Wt 	slg 	Thy 1.2 
MLN 	CBA (xlO') 
~jontrol - 3.83 0.88 23.6 73.8 
+0.20 +0.04 +0.8 +1.3 
Inf day 7 66.7 21.32 3.26 39.0 47.8 
+8.8 ±2 .6 6 +0.25 +3.5 +1.9 
Inf day 14 96.7 14.5 3.76 25.1 51.5 
±14 . 8 +2.84 +0.28 ±1.5 ±2 .7 
BALE/c 
Control - 6.35 1.50 31.6 69.4 
+0.50 +0.13 +1.1 +1.4 
Irif day 7 29.0 36.7 5.67 48.4 43.3 
±7.13 +1.6 ±2 .5 
Inf day 14 90.3 26.4 6.40 43.4 43.6 
±8 .0 ±4 . 36 ±0 . 69 ±2 . 4 ±• 
SPLEEN 	CBA 
Control - 12.6 2.40 56.5 34.9 
±0 . 06 ±1 .3 +1.2 
Inf day 7 - 23.9 4.09 65.3 21.4 
±2 . 2 ±0 . 27 +1.9 ±1 .6 
Inf day 14 21.8 4.71 60.9 30.4 
±2 . 1 ±0. 24 ±0 . 1 ±2 . 1 
BALB/c 
Control 	- 	 16.7 	 4.12 	52.8 	30.9 
	
±1 . 0 ±0 . 16 ±1 . 4 ±1.2 
Inf day 7 	- 	 18.2 	 5.49 	68.8 	20.9 
+5.2 +0.43 +1.6 +1.2 
Inf day 14 	- 	 34.2 	 6.07 	65.2 	26.6 
±0 . 24 ±0.6 ±1 . 0 
An initial infection of 250L3 H. polygyrus was followed by anthelmintic 
treatment and a second 250113 infection on day 14. This was also cleared just 
prior to a final infection of 250L3 on day 49 and the mice were assayed 7 (mi 
day 7) or 14 (Inf day 14) days later. The infected mice are in groups of 
three with the mean values ± one SE shown for each group. Control values 
are from the previous FACS data pooled for uninfected mice. MWR; the mean 
worm recovery on the day of the assay. %Wt; the lymphoid organ weight 
expressed as a percentage of the bcd weight. Cellularity; the 
~number of nucleatd cells in the tissue (x 10 ). The frequencies of slg and 
Thy 1.2 cells are expressed as a percentage of the total lymphocyte 
population. 
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two strains indicated that they had responded to the parasite to a greater 
extent than mice experiencing the infection for the first time (Table 5.6). In 
particular the MLN weight and cellularity in CBA mice was far in excess of that 
of a single infection. The cellularity of the MLN in both strains had its largest 
increase on day 56 and by day 63 (14 days after challenge) had fallen to 
control levels, but the weight increases were highest on day 63 rather than 56. 
Similar weight changes were also seen in the spleen and the cellularity in this 
tissue remained high. 
The changes in the cellular composition of these lymphoid tissues, 
measured on the FACS, tended to be greater on day 7 than on day 14 after 
challenge infection. This was a similar time scale to the peak changes seen 
during a primary infection. Common to both primary and challenge infections 
was the fall in Thy 1.2 cell frequency in the MLN and spleen for both CBA and 
BALB/c mice. Similarly, both strains showed a rise in the slg cell proportion 
in the MLN. In contrast to a primary infection there was a significant rise in 
the splenic slg percentage at day 7, by as much as 16% for BALB/c mice and 
9% in the CBA strain. 
Since the cellularity was also increased after challenge infections the 
proportional increase in B cells represents a rise in B cell numbers, in both 
spleen and MLN, which was greater than it first appears. 
When the period between the second stimulatory and challenge infection 
of H. po/ygyrus was shortened to 14 days (Table 5.7) the worm recovery after 
challenge was similar to that found for primary infections. CBA mice, assayed 
on days 7 and 14 of a challenge infection, had worm recoveries of 181.7+28.9 
and 146.7+18.6 while BALB/c had 128.3+6.0 and 190.0+25.7 on these days. In 
comparison to the experiment presented in Table 5.6 it would appear that 
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Tr.p c7 
Results of FACS analysis of tissues from mice after a challenge infection 
with H. polygyrus 
% stained +ve 
slg Thy 1.2 % L3T4 N. 
MLN 	CBA 
Control 24.0+2.7 78.8+2.9 72.1+0.1 4 
Inf day 0 30.5 71.2 72.6 2 
Inf day 7 20.4+1.5 50.1±2.3 72.6+3.0 3 
Inf day 14 16.4+1.7 53.4+1.6 67.2+1.6 3 
BALB/c 
Control 36.2+2.9 69.5+2.9 69.6+0.8 4 
Inf day 0 57.47+-4.1 53.87+4.8 72.OT0.2 3 
Inf day 7 43.970.7 42 . 4±1 . 3 71.6±0.8 3 
Inf day 14 47 . 9±3 . 8 39.2±3.8 71.3+1.0 3 
SPLEEN CBA 
Control 59.7+3.0 36.2+3.3 64.7+1.2 	4 
Inf day 0 60.2 31.7 60.9 	 2 
Inf day 7 57.2+2.3 	- 33.6+1.2 69.7+0.9 	3 
Inf day 14 55.47-2.8 23.1i1.2 68.52.6 3 
BALB/c 
Control 66.6+1.3 33.9+2.7 66.5+2.0 	4 
Inf day 0 68.27-1.7 30.370.8 65.370.9 3 
Inf day 7 66.3+1.3 24.0771.3 65.571.6 	3 
Inf day 14 64.9±4.8 15.9+3.1 70.9+4.0 3 
BLOOD 	CBA 
Control 31.8±1.4 63 . 4±4 . 3 76.9±1.0 	3 
Inf day 0 35.2 48.47' 2 
Inf day 7 39.3+1.8 47.0±2.3 82.2±1.3 	3 
Inf day 14 37.4 51.9 80.9 	 2 
BALB/c 
Control 37.4±6.0 58.3+6.0 74.9 3/2 
Inf day 0 47.0+2.1 56.2±4.7 69.3+3.1 3 
Inf day 7 48 . 975 . 9 42.4±8.1 64.2 3/2 
Inf day 14 38 . 0±4 . 6 51.5±2.5 78.0 3/2 
The mice were infected with 250L3 H. polygyrus on days 0, 14 and 28. The 
first two of these infections were cleared by doses of anthelmintic paste on 
days 9, 10, 11, and days 23, 24 and 25. The challenge infection was given on 
day 28. Control; uninfected mice assayed on the day of the infected animals. 
Inf day 0, 7 and 14; mice assayed on either days 0, 7 and 14 relative to the 
time of challenge. N 0 ; the number of animals in each group. The means for 
the results are shown and where the number of samples are sufficient, one 
SE. The frequencies of slg and Thy 1.2 cells are expressed as a mea 
percentage of the total lymphocyte popuiation. The value for % L3T4 
cells are given as a percentage of L3T4 cells plus Lyt 2 cells. 
162 
shortening the period between stimulation and infection had an adverse effect 
on the development of immunity. In the previous experiment the second 
infection was present for up to 30 days and cleared just before reinfection. In 
contrast, in the experiment in Table 5.7, almost as soon as the worms had 
emerged from the intestinal wall they were removed by anthelmintic exposing 
the host to a very short adult infection before final challenge. 
FACS analysis of the MLN and spleen (Table 5.7) in mice challenged after 
immunising by this regime produced similar results to those shown in Table 
5.6 and these in turn were comparible to the changes seen during a primary H. 
po/grus infection. However the one exception was that there was no 
increase in the slg cell proportion over control frequencies in the spleen 
(Table 5.7). Instead the slg*  cell frequencies were maintained around control 
level in both strains, without the significant falls in proportion which occurred 
on day 10 of a primary infection. The rise in this cell proportion was a change 
which was unique to the experiment in Table 5.6 and the immunity provided 
by such a scheme. 
The cellular responses which occurred in the blood during the challenge 
infection included a rise in the proportion of slg
+ 
 cells. This contrasts with 
the changes seen in a primary infection where sIg cell frequency remained 
constant in these two strains, with the exception of a fall in proportion on day 
28 of an infection in BALB/c mice. An increase in frequency of slg 4 cells 
appears to be linked to the production of immunity angainst H. polygyrus in 
CBA and BALB/c strains. 
In line with the cellular changes found in the tissues during a primary 
infection, mice receiving a challenge infection (Table 5.7) showed no changes 
in their L3T4 and Lyt2 ratios throughout the infection regime. 
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It was of interest to note in these assays of responses in immunised mice 
that the brightness of slg cells was reduced, as judged by the position of the 
positive peak on the FACS profiles (Table 5.8). Unfortunately due to the small 
numbers in each group, the Wilcoxon's test could not be applied. 
Nevertheless it does appear from the results that BALBc/ mice had a dull 
population of slg cells in the blood, produced by the second infection of 
H. polygyrus; and that these recovered to normal brightness by day 14 in the 
third infection. In the MLN and spleen of this strain the B cells showed 
reduced staining intensity throughout the 14 days of the challenge infection. 
CBA mice mirrored the BALB/c in the s1g 1 cell response recorded in their MLN 
and spleen but the reduction in brightness was not as large as that seen in 
the intermediate responder strain. CBA blood cell staining intensity was 
virtually unchanged, but no value for day 14 was recorded. 
In a number of helminth infections the frequency of circulating white cells 
has been shown to increase two to three fold above resting level as a result 
of immune responses against the parasite. Infections where these changes 
have been observed include T spira/is; N. brasiiensis; and S. ratti (Yarinsky 
1962, Ogilvie et. al. 1978, Moqbel 1980). During the infections with 
H. po/ygyrus that were studied here the leucocyte count increased by a similar 
order of magnitude in CBA and BALB/c mice. Other workers have recorded 
larger rises in the cell number during primary infections of this parasite (Baker 
1962, Ali et. al. 1985), but these variations could be accounted for by strain 
and infection dose differences. 
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TABLE 5.8 
Changes in the intensity of staining of sIg cells 
Inf day 0 Inf day 7 Inf day 14 
MEN 
CBA 3,2 -10,-13,-16 -15,-16,-21 
BALB/c 27,14,9 -68,-79,-83 -76,-79,-87 
SPLEEN 
BA 9,8 -7,-13,-17 -20,-22,-24 
BALE/c 15,15,-50 -30,-34,-56 -38,-49,-55 
BA 	 5,5 	 -2,-7,-9 	- 
BALB/c 	 -8,-66,-78 	-18,-28,-30 9,1,-5 
Staining intensity is indicated y a figure corresponding to the number of 
FACS channels separating the slg peak in control (uninfected) suspensions 
from the suspensions from challenge mice. A positive value represents an 
increase and a negative value a decrease in brightness. Fluorescence 
intensity was measured on a logrithmic scale, and a shift of the peak by 16 
channels to the left corresponds to a 50% decrease in brightness. The inf da 
0, 7 and 14 groups are as described in table 5.7. 
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It 	is perhaps 	not 	surprising that, 	in 	association 	with 	the cellularity 
increases of the spleen and MLN (Chapter 3), 	a 	rapid 	rise 	in 	the circulating 
leucocyte population 	was 	found in 	H. po/ygyrus infected 	mice. The 	peak 
leucocyte number in the blood of both CBA and BALB/c mice slightly preceded 
the 	time of 	greatest 	proliferative response 	seen 	in 	the 	spleen, but 	it 	did 
coincide with that of the MLN. 	It might have been anticipated that leucocyte 
numbers in the blood would have risen after the increases in cell division of 
the MLN and spleen which were found to peak around days 7 to 10 during a 
primary infection (Chapter 3). 
There was a drop in the proportion of circulating lymphocytes which was 
compensated for by a rise in the total white cell count leading to an absolute 
rise in the number of lymphocytes. It has been proposed that the rapid 
increase in circulating lymphocytes may imply a diversionary effect upon 
lymphocyte traffic, which could itself interfere with anti-parasitic responses 
(Hagan & Wakelin 1982), presumably by removing many of the potentially 
harmful cells away from the small intestine and the parasite. However, from 
day 21 when the white cell number had returned to uninfected levels, the 
reduction in lymphocyte frequency, particularly in BALB/c mice, represented an 
actual fall in the number of circulating lymphocytes. This may be the result of 
primed cells in the circulation being sequestered into secondary lymphoid 
tissues, primarily those associated with processing antigens emanating from 
the intestine. Antigenic stimulation is known to alter lymphocytic traffic 
through nodes, causing a temporary increase in input and decrease in output. 
Many factors may control this response and it has been shown that 
complement activation, leading to production of prostaglandin E 2 , is one such 
factor (Hopkins et. al. 1981). In the experiments using transferred labelled 
blast cells (Chapter 3) it was found that there was an increase in their 
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localization and retention in the wall of the small intestine, and this represents 
another site of lymphocyte sequestration during infection, as work on 
7: spiral/s established (Rose et. 3/. 1976). 
In contrast to the fall in the proportion of lymphocytes in circulation, the 
granulocyte frequency rose in both strains of mice and in BALB/c mice a more 
prolonged response was observed. It has been shown that granulocytes, 
particularly neutrophils in primary infections, are linked to the production of 
resistance against H. po/ygyrus (Ali et. at 1985). After challenge infection their 
importance diminishes as the population of eosinophils expands and immunity 
improves (Cypess 1972, Hurley & Vadas 1983). The exact nature of the 
granulocytosis in BALB/c mice was not investigated here, but this difference 
between the CBA and BALB/c leucocyte response may be partially responsible 
for the varying ability of these strains to develop immunity on reinfection. 
Eosinophils have been reported as the main cell type involved in the killing of 
trapped larvae in immune mice (Prowse et. al. 1978a, Hurley & Vadas 1983), 
but they would appear ineffective in this role during the primary infection. 
Certainly the importance of eosinophils in the production of immunity has 
been reported for other nematode infections, such as Trichostrogylus 
colubriformis (Rothwell & Dineen 1972). Eosinophils could act in conjugation 
with antibody to damage the parasite, this antibody- dependent cell-mediated 
cytotoxicity (ADCC) has been demonstrated for S. manson,; purified human 
eosinophils can kill antibody-covered schistosomula (Butterworth et. al. 1979). 
It may be in their antibody response to H. po/ygyrus that the CBA strain are 
immunologically deficient. 
During a primary infection of H. po/ygyrus the total leucocyte rise in the 
blood and the constant proportion of slg cells resulted in a rise in B cell 
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numbers. The 2 to 3 fold increase of B cells in both CBA and BALB/c mice 
was comparable to the response observed previously in the secondary 
lymphoid tissues (Chapter 4), except that B cell numbers in the blood had a 
clearly defined peak on days 7 or 10, depending on the strain, while the tissue 
response was more gradual with a double or late single peak. A rapid early 
redistribution of cells could produce such a transient peak of B cells in the 
blood. 
In experiments in CBA mice in which a second infection was superimposed 
on a primary infection, at a time when adults were emerging into the lumen, 
no increase in the proportion of slg 1 cells in the MLN was found. This was in 
contrast to the observations in all the strains during a primary infection 
(Chapter 4). This may have been the result of immunosuppression by the 
adult population residing in the host, preventing any response to the new 
infection (Behnke et. al. 1983, Cayzer & Dobson 1983, Behnke & Robinson 
1985). In a primary CBA infection, B cell frequency in the MLN returns rapidly 
to control levels during the period between days 7 and 14 (Figure 4.5), when 
adult worms are establishing themselves in the intestine. The lack of a B cell 
response to the superimposed infection appears to be linked to its reduced 
effectiveness in providing immunity. In other respects such as cellular 
proliferation, a good immune reaction was mound by the host against the 
parasite, though it was not effective in expelling the worms. Further evidence 
of the ability of adult H. polvgyrus to suppress the immune responses of the 
host was found in experiments where adult parasites were introduced directly 
into the small intestine of the mouse, and the slg cell frequency in the blood 
was found to be reduced. In the case of CBA mice this occurred to a greater 
extent than seen in a normal full infection, despite the introduction of a 
smaller dose of 100 worms. 
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In the first experiment in which a challenge infection was given after 
anthelmi ntic termination of the stimulating infections, only 7 days of the 
challenge infection was allowed before the mice were assayed (Table 5.5). The 
worm recovery was lower in the immunised mice. However, it is known that 
in resistant mice larvae become 'dormant' and remain viable for some days in 
tissue cysts (Behnke & Parish 1979a). This arrested development may have 
resulted in an artificially low worm recovery in these mice. Additionally the 
time needed for maturation and moulting is increased in immune mice, though, 
following this, there is a rapid and progressive loss of adults from the 
intestine after they emerge from the mucosa into the intestinal lumen (Behnke 
& Parish 1979b). In resistant LAF 1 mice L3 have been shown to be less able to 
penetrate the intestinal wall and were directly expelled (Cypess et. al. 1988). 
Previously it has been reported that in immune animals the infective larvae do 
penetrate the wall but few grow, the majority forming the foci of 
granulomatous lesions within which they are eventually killed (Chaicumpa et. 
al. 1977). 
During the multiple infections (Tables 5.6 & 5.7) the cellular response in the 
MLN and spleen were not unlike those changes occurring in these tissues 
during a primary infection. However an important exception to this was the 
rise in slg cell frequency of the spleen in both CBA and BALB/c mice in one 
experiment (Table 5.6). Previously in a single infection these cells had 
fluctuated around or below control frequency values over the 28 days 
following infection, and it was only in the high responder, NIH, that there 
occurred any significant increase. The slg cell proportion did not rise in the 
other multiple infection scheme (Table 5.7) where resistance to a challenge 
was not found to be as as effective. The increased frequency of B cells would 
appear to be directly related to the development of immunity in these mice. 
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The B cell expansion implies that the production of immunoglobulin is also 
directly linked to the immunity against H. po/ygyrus 
It has been demonstrated that host protective antibodies do not appear 
during a primary infection, and that a period of 2 to 3 weeks is required before 
these antibodies are generated in multiple infections (Williams & Behnke 1983). 
The successful immunisation regime allowed 35 days between the last 
stimulating H. poIygrus infection and the challenge dose. When this period 
was reduced to 14 days the immunisation was far less efficient. The presence 
of adults may have been required to help stimulate immunity, although this 
seems unlikley from the results of other workers which suggest they have an 
immunosuppressive role (Jacobson et. al. 1982, Behnke et. al. 1983). 
Alternatively, a recovery period was required between the infections, a result 
confirmed by Behnke & Robinson (1985). 
The experiments described here have reinforced the impression gained 
from earlier chapters that expansion of the B cell pool in infected mice is an 
important component of the response to the parasite. In the next chapter, the 
output of the parasite-specific antibody from stimulated B cells is described. 
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CHAPTER 6 
ANTIBODY CONCENTRATIONS IN PRIMARY AND CHALLENGE H. POLYGYRLIS 
INTRODUCTION 
In previous chapters it was demonstrated that the immune response to an 
H. poIgrus infection leads to a rise in the proportion of B cells and an 
increase in the numbers of both B and T cells. These changes occurred in the 
tissues responsible for processing antigens emanating from the intestine, 
principally the MLN and spleen. Therefore, it is not surprising that the 
proliferation of B cells and their maturation to plasma cells results in an 
increase in immunoglobulin secretion. This may take the form of a specific 
antibody response (Pritchard et. a/. 1983), such as has been observed in many 
parasitic infections (Cohen 1974). There is also good evidence for an increase 
in unrelated immunoglobulins, commencing within 2 weeks of a primary 
infection and continuing in some strains for at least 60 days (Crandall et. al. 
1974, Molinari at at. 1978, Price & Turner 1986a, Williams & Behnke 1983). 
The increase in immunoglobulin concentration observed in H. potygyrus 
infections has been found to be limited to particular classes and subclasses of 
immunoglobulin. In the course of a single infection a rise in anti- parasitic 
IgA and lgG antibodies have been found in the serum (Molinari et. a/. 1978). 
Following a challenge infection in immunised animals these same 
immunoglobulins increase and additionally 1gM has been shown to rise 
(Crandell et. a1 1974, Molinari eta! 1978). These increases have been found in 
many situations irrespective of whether mice were raised for high or low 
resistance to H. potygyrus (Brindley et. al. 1985), vaccinated against the 
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parasite by adult worm extracts, infected following passive immunisation 
(Dobson et. at 1982, Behnke & Parish 1979a), or exposed to multiple infections 
(Crandell et. al. 1974, Molinari et. al. 1978). The most significant increase of all 
of the immunoglobulins is that of IgGi, the overall level of which may rise to 
20-30 times above the normal serum concentration (Crandell at at 1974, 
Prowse et. a/. 1978a). Dramatic increases have generally been limited to 
animals with multiple infections, but even in primary infections there is a 
significant rise in IgGi (Molinari at at 1978). 
It has been suggested that IgGi is responsible for the immunity to H. 
po/ygyrus as the majority of specific antibodies detected were in this fraction 
(Pritchard et. al. 1983). Similarly, it is in mice exposed to multiple H. po/ygyrus 
infections, a regime which often leads to resistance to the parasite, that lgGl 
levels are raised considerably (Crandell et. a/. 1974; Prowse et. 8/. 1978a, 
Chapman et. at 1979a,b, Williams & Behnke 1983). The serum produced under 
such conditions was able to transfer immunity and in conjunction with immune 
MLN cells this passive protection was improved (Behnke & Parish 1979a). The 
protective immunity conferred was directly proportional to the number of 
infections experienced by the donor mice, the antibody titre and the quantity 
of the serum transferred (Dobson 1982). However, high responder strains such 
as NIH do not produce the most effective sera for passive transfer of immunity 
in comparison to strains normally considered weak responders, such as CFLP 
and C 57 131- 10, despite having higher antibody titres (Williams & Behnke 1983). It 
would appear from these results that in addition to the antibodies, other 
cellular factOrs are necessary for full immunity. Indeed Pritchard et. a/. (1983) 
found that passively transferred anti-H. po/ygyrus lgGl stunted worms, but 
immune mesenteric lymph node cells were necessary to cause worm 
expulsion. 
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It has been proposed that a large proportion of the antibodies produced 
during an infection may be a host response to irrelevant or non-functional 
antigens, and that their production aids the parasite survival (Chapman et. at 
1979 a & b). The chronicity of the primary infection with H. po/ygyrus has also 
led to the suggestion that the IgGi antibodies may act to block potentially 
more effective host-protective responses (Mitchell et. a/. 1982). Some 
workers have been able to extend the larval survival by incubating the L3 in 
immune sera and inoculating mice which had been passively immunised earlier 
(Dobson & Cayzer 1982a). However Pritchard et. a/. (1984b) showed IgGi 
purified antibody from primary infection sera to be host protective when 
administered alone and failed to block immunity transferred. by immune MLN 
cells. The blocking activity in the work of Dobson & Cayzer (1982a) was 
directed against 13 larvae, but others have failed to demonstrate anti-larval 
(L3) activity in immune sera by immunofluorescence (Pritchard et. a/. 1983). 
It is clear from the work described above that no relationship has been 
established between antibody production and the responder status of different 
mouse strains. In the work described in this chapter a study was made of 
changes in specific antibody titres during H. polygyrus infections, using 
radloimmunoassays to measure responses against both larval and adult 
antigens. The experiments had two aims, to relate antibody production to the 
B cell stimulation described earlier, and to assess its relevance to the 
development of immunity in mice of different responder status. Responses 
were monitored for 56 days following a primary infection and for 28 days after 
a challenge infection, and both 1gM and lgG titres were measured. Despite the 
fact that anti-parasite activity of the serum can be largely accounted for by 
IgGi ( Pritchard et. al. 1983) , elevated levels of the 1gM isotype have been 
reported in some chronic H. po/ygyrus infections (Price & Turner 1986a) and 
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specific 1gM has been detected in the serum of resistant mice (Molinari et. al. 
1978). On the other hand, apart from its relationship to the well established 
hypergammaglobinaemia it is in the lgG fraction that the largest increases in 
titre were found to occur in ICR and CD— 1 mice (Crandall et. al. 1974) and 
CFLP mice (Pritchard et. at 1983). 
MATERIALS AND METHODS 
Groups of mice were infected with 2501-3 H. po/ygyrus on day 0, and during 
a primary infection mice were bled at weekly intervals. In some of the groups 
the primary infection was terminated with anthelmintic administered orally on 
days 9, 10, 14 and 21 and a challenge infection of 2500 was given on day 28. 
These mice were bled on day 0, and at 7 day intervals from day 28 onward, up 
to day 56 (that is, up to day 28 of a secondary infection). Including controls, 4 
groups of mice were set up for each of the three strains (Table 6.1). On day 56 
all the mice were sacrificed and the worm recovery determined along with 
worm length and tissue size. Unfortunately BALB/c experimental mice suffered 
a cage flood, and this limited the numbers in these groups. 
A hyperimmune serum was raised in BALB/c mice as follows: mice were 
infected with 2501-3 H. polygyru.s cleared of the parasite as described above, 
and reinfected on day 28. Nine days later further treatment with anthelmintic 
was commenced, and a third infection was given on day 56. After this 
treatment the mice were bled and the sera pooled. 
The BALB/c hyperimmune serum was used as a standard reference serum 
(positive control) in each radioimmunoassay. Sera from uninfected mice of the 
174 
TABLE 6.1 
Challenge infection in three strains of mice 
	
Group 	H. polygyrus Anthelmintic H. polygyrus 	Bleeds after 
ay 0) 	(days 9,10, 	(day 28) infection 
14,21) 
+ 	 + 	 + 	 0-28 of secondary 
* 	 response 
+ 	 - 	 - 	 0-56 of primary 
response 
+ 	 - 	 0-56 of primary 
response 
- 	 - 	 + 	 0-28 of primary 
response 
* 
This group of mice were bled at weekly intervals form the point of 
primary infection. Their sera were analysed to give the data for primary 
response to the parasite. 
The regime for the production of sera for use in the RIA experiments is 
shown. Group 1; these mice were given a 250L3 H. polygyrus infection on 
day 0, cleared of this infection by anthelmintic administered on days 9, 10, 
14 and 21 and reinfected with 250L3 on day 28. Group 2; received the day 0 
infection only. Group 3; were infected on day 0-and dosed with anthimintic. 
Group 4; received the day 28 infection only. 
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three individual strains were used as negative controls. The 1251  cpm in the 
negative control wells, representing non-specific binding to the antigen 
preparations, was generally very low, particularly in the assays for lgG. 
Following the procedure given in Chapter 2, serial dilutions of positive and 
negative control sera were analysed in a set of preliminary assays to 
determine the optimum conditions for each of the antigen preparations to be 
used. The results from two of these assays (Figures 6.1 and 6.2) demonstrate 
the shape- of the typical standard curve. Those produced for lgG (Figure 6.1) 
showed a clear distinction between the standard and the negative controls. 
The standard 1gM titrations (Figure 6.2) did not produce as clear a 
differentiation between positive and negative sera as did the lgG curve. This 
was possibly due to the lower titre of this antibody class in the 
hyperimmunised mice. The most sensitive and accurate point of the graph is 
the linear region at high dilutions (Newby et. al. 1986), even though 
substantially more radiolabel is usually bound at higher first step levels in the 
plateau region of the curve. For this reason a dilution of 1/640 was 
considered the most suitable for all experimental sera. When tested against 
the various antigen preparations this dilution was found to lie in the most 
accurate region of the graph. 
The antibody concentrations of individual mice were assayed, corrected as 
described in Chapter 2 and plotted here as the mean % cpm, + one SE for 
each group. In some assays the serum from the various mouse groups was 
pooled and run in triplicate. Details of the uncorrected counts are presented 
in Appendix 2. When the raw data were plotted (graphs not shown) very 
similar curvers to those given by the corrected data were produced. 
For some of the assays linear regression analysis was carried out on the 
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Figure 6.1 Standard anti-H. polygyruS binding curve. Sera from hyper-
immunised BALB/c mice and uninfected CBA, BALB/c and NIH strains were 
assayed for lgG binding to H. po/ygyruS 
adult homomgenate antigens. The 

















DILUTION OF SERUM 
Figure 6.2 Standard anti-H. polygyrus 1gM binding curve. 	Sera from 
hyper-immunised and uninfected BALB/c mice were assayed for 1gM binding to 
H. po/ygyrus adult homogenate antigens. The sera were sequentially doubly 
diluted from 1/160 to 1/5120. 
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FIGURE 6.2 
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RIA data. The slope of the antibody titre against time was compared at 
different times over the course of an infection by an analysis of variance. The 
f value obtained was used to assess significant changes in the rate of 
antibody production. 
The antigen preparations of H. polygyrus used in the RIA were assayed by 
sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) to 
determine their protein composition. Bands were stained with Coomassie 
Brilliant Blue (CBB) (Figure 6.3). Both the homogenates and the E/S products 
revealed that the preparations from each developmental stage were composed 
of a complex mixture of polypeptides. Adult and larval homogenates were 
comparable in that they shared major antigens in the 14 to 20KDa range. At 
the higher molecular weight they still had many antigens in common but in 
different quantities, as judged by the staining intensity. Around 60KDa both 
had a doublet but the larval preparation stained more intensely. There were 
some proteins at higher molecular weights which the adult possessed but 
which were absent in the L4 stage, about 75KDa and over 94KDa. The E/S 
products of both these stages had many antigens in the lower molecular 
weight area, 14- 20KDa, some of which appeared unique to one stage of the 
parasite life cycle. Fewer high molecular weight proteins were present, which 
was not unexpected from E/S preparation. A homogenate of adult 
A. tetraptera was also run on the same gel. It was confirmed that few if any 
of the proteins of H. po/ygrus represented molecules of similar size to those 
detected in A. tetraptera homogenate. 
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Figure 6.3 Proteins of H. polygyrus and A. tetraptera were solubilized at 60 0 C 
in 0.00625M Tris buffer containing 2% SIDS and 5% 2- Mercaptoethanol and 
centrifuged for 10 minutes at 100009. Samples were resolved by SDS-PAGE 
using a 3% stacking gel (pH 6.8) and a 7.5-15% running gel (pH 8.8) at 40mA 
for 2-3 hours. Proteins are shown stained with Coomassie Brilliant Blue. The 
proteins stained in the columns were obtained from; A A. tetraptera 
homogenate. B adult H. po/ygyrus homogenate, C L4 H. po/ygyrus 
homogenate, D adult H. po/ygyrus E/S products. E L4 H. po/ygyrus E/S 
products. The standard molecular weight markers are shown on either side of 
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AB C 	D E 
RESULTS 
Worm recovery and organ size in primary and challenge infections 
The worm recovery data and the size of the worms give an indication of 
the effectiveness of the immune response against H. po/ygyrus during an 
infection (Table 6.2). In a primary infection the length of the worms after 56 
days in NIH, CBA or BALB/c hosts was not significantly different at the 5% 
level. It was only following a challenge infection of these animals that 
variations arose. In CBA and BALB/c mice the female H. po/ygyrus worms 
were slightly, but significantly, smaller than in singly infected mice (p<0.05), but 
the males remained the same length. A far greater reduction in the size of 
both sexes of H. po/ygyrus was found in immunised NIH mice, from a mean 
length of 15.1mm in a primary infection to 9.0mm for the females (p<0.01) and 
6.1mm to 4.0mm for the males. The surviving worms were obviously adversely 
affected by the immune response mounted against them. 
In the NIH mice which had undergone the immunising regime, very few 
worms were actually able to survive after a challenge infection and over 99% 
of the innoculating doses were expelled before day 28. This compares to less 
than half the dose lost in a primary infection by day 56. The intermediate 
responder, BALB/c, also showed an improvement in its ability to expel worms 
and on second exposure to the parasite the mean worm burden was reduced 
to 48.4. In contrast, the CBA value of 104 worms after immunisation was not 
significantly less than the control value of 124 for a primary infection. Clearly 
this infection regime separates the three strains on the basis of their immunity 
to H. po/ygyrus after a challenge infection. 
181 
TABLE 6.2 
Results of assays on infeted mice 
Group 	MWR 	%MLN 
1. (5) 104.4 2.63 
+24.5 +0.24 
2. (6) 203.2 1.68 
+19.4 +0.14 
3. (5) 0 1.26 
+0.04 
4. (3) 124.0 1.76 
+16.9 +0.13 
BALB/c 
 (5) 48.4 5.39 
+21.4 +0.47 
 (2) 140.0 3.79 
 (1) 0 2.20 
 (5) 120.2 4.09 
NIH 
Worm length 	(mm) 
%SPL Male Female 
6.82 6.10 12.28 
±1.0 +0.14 +0.27 
5.06 6.11 15.81 
+0.17 +0.12 +0.21 
3.37 	- 	- 
+0.42 
3.57 	6.33 	16.0 
+0.42 ±0 . 4 6 ±0.46 
7.92 5.69 11.40 
+0.29 +0.13 
9.82 5.30 15.85 
- +0.38 +0.38 
4.51 - - 
6.97 5.97 14.97 
±0.8 2 ±0 . 1 5 +0.28 
(7) 	2.14 	4.04 	5.75 	4.00 	9.00 
+0.8 +0.30 ±0 . 1 3 - ±0 . 38 
(6) 	132.0 	3.85 	4.82 	6.12 	15.10 
±15 . 4 +0.16 +0.13 ±0 . 11 ±0 . 26 
(6) 	0 	 1.47 	6.35 	- 	- 
±0 . 12 +0.53 
(6) 	118.3 	3.02 	6.74 	6.13 	14.97 
+154 +0.31 ±0. 15 ±0. 11 ±0. 23 
The results of an analysis on day 56 in three strains of mice after various 
treatments (for details of treatments see Table 6.1). The figures in 
parenthesis represent the number of mice in each group. The results are 
expressed as a mean, ± one SE. MWR; the mean worm recovery on day 56. %MLN 
and %SPL; the weight of the mesenteric lymph nodes and spleen expressed as a 
percentage of the body weight. Worm length; the mean length in MP of the 
parasites, 5 were measured in each animal, apart from group 1 NIH in which 
there were insufficient parasites. 
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Antibody production during primary infections with H. polygyrus 
Figures 6.4 to 6.11 illustrate the results obtained for the three strains of 
mice, when their primary infection sera were assayed against specific antigens 
from H. po/ygyrus 
Following initial infection with H. polygyrus the rise in anti- parasite 1gM 
occurred in all 3 strains from as early as day 7. Assays with both adult and 
larval antigens indicated that 1gM remained at increased levels throughout the 
8 weeks, suggesting that production of 1gM was stimulated for a prolonged 
period after the time of infection (Figures 6.4, 6.5, 6.6 and 6.7). 
Using adult antigens, the largest rise in 1gM was shown by BALB/c mice, 
with a peak value of 260% at day 28, measured against the E/S preparation 
(Figure 6.5). This was well above the maximum attained by NIH which levelled 
off around 200%, but there was no indication of a fall in the 1gM titre of this 
strain. The CBA mice had responded earlier than the NIH, but after day 14 
their 1gM titres remained constant. By day 28 CBA mice were responding least 
well of the three strains and this situation continued up to day 56. 
Anti-L4 homogenate antibodies rose rapidly in concentration after day 7 in 
both CBA and NIH mice (Figure 6.6). This rise in 1gM was repeated after day 
21 for the NIH strain, reaching a level of 350%, which was then maintained at 
this high value. The CBA mice did not show this second increase but their 
titres remained constant and above control levels between days 14 and 56. 
1gM antibodies against larval E/S proteins (Figure 6.7) showed an early 
increase and by day 7 all strains had antibody titres higher than their control 
values, by as much as 70% for BALB/c mice. After day 14 CBA and BALB/c 
titres did not increase significantly, but in NIH mice, which had shown a 
smaller rise than the other two strains earlier in the infection, they rose 
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Figure 6.4 1gM response to H. po/y,gyrus adult antigens, measured by binding 
to adult homogenate coated wells. Mean % cpm, + one SE, is shown. Sera 
from CBA and NIH mice were assayed over 56 days following a primary 
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Figure 6.5 IgM response to H. po/ygyrus adult antigens, measured by binding 
to adult E/S coated wells. Mean % cpm, + one SE, is shown. Sera from CBA, 
BALB/c and NIH mice were assayed over 56 days following a primary infection 
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Figure 6.6 1gM response to H. po/ygyrus larval antigens, measured by binding 
to L4 homogenate coated wells. Mean % cpm, + one SE, is shown. Sera from 
CBA and NIH mice were assayed over 56 days following a primary infection of 
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Figure 6.7 1gM response to H. po/ygyrus larval antigens, measured by binding 
to L4 E/S coated wells. Mean % cpm, + one SE, is shown. Sera from CBA, 
BALB/c and NIH mice were assayed over 56 days following a primary infection 
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gradually throughout the 56 days, although they were not significantly different 
from the BALB/c value by day 56. 
It was notable that the assays against larval and adult homogenates gave a 
similar overall pattern of 1gM response for NIH and CBA mice. Equally, the 
titres obtained with E/S antigens from the two parasite stages produced 
almost identical sets of curves, differing only in degree. These similarities 
might suggest some cross reactivity between the stages, a conclusion which 
is most clearly supported by the abrupt rise in 1gM titre in NIH mice between 
days 21 and 28, when measured against either homogenate (Figure 6.4 and 6.6) 
Although there were variations in the pattern of response when measured 
with different antigen preparations, in all these assays of primary IgM it was 
notable that CBA mice produced less antibody than the other two strains. 
In contrast to the early 1gM increases the lgG response was delayed. The 
anti-adult lgG increase, in particular, tended to be the slowest to respond. 
Figure 6.8 shows that all three strains of mice produced a rise in lgG 
antibodies against adult worm antigens in response to a primary H. po/ygyrus 
infection. However, the extent of their responsiveness varied greatly with CBA 
showing only a 20% increase in its lgG titre over negative control levels 
compared to the near 80% in BALB/c and 130%  in NIH. 
It is notable that the sharp rise in antibody levels in NIH mice was delayed 
until day 21, as many as 14 days after the first emergence of young adults 
into the intestinal lumen. It was only after day 21 that strain differences in 
primary responsiveness were observed. The change in the rate of increase of 
lgG specific to the adult homogenate was significantly different (p<0.05) for the 
NIH strain when the linear regressions of the slopes from days 0 to 21 and 
Figure 6.8 lgG response to Anti-H. po/ygyrus adult antigens, measured by 
binding to adult homogenate coated wells. Mean % cpm, + one SE, is shown. 
Sera from CBA, BALB/c and NIH mice were assayed over 56 days following a 
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days 21 to 35 were compared. With this antigen there were no signifficant 
changes in the gradient over this or any other period for CBA and BALB/c 
mice. 
A similar analysis of lgG antibodies specific for adult E/S antigens (Figure 
6.9) confirmed that the response in the three strains diverged after day 21. In 
NIH mice the gradient of lgG increase after day 21 was significantly different 
from the gradient of the line before this time. Until day 21 NIH mice had the 
lowest antibody response. NIH lgG titres rose to 240%, nearly twice that of 
the BALB/c mice and four times that seen in the CBA strain. The relative 
binding of this antibody isotype was higher in those assays using E/S antigens 
than in assays with the homogenate. This may be a misleading comparison, 
since the standard hyperimmune serum gave higher binding to the 
homogenate preparations than to the E/S antigens (allowing for radioactive 
decay between assays). It is possible that the homogenate contained proteins 
which under normal circumstances the host was not exposed to until the 
death of the parasite. Antibodies against these proteins might be well 
developed in the hyperimmune standard, but poorly developed during a 
primary infection. For the experimental sera in this assay there would have 
been a greater concentration of 'relevant' antigen in the E/S-coated wells. 
Figures 6.10 and 6.11 show the H. po/ygyrus specific lgG response against 
the fourth stage larval preparations extracted 6 days after infection. Once 
again, of the three mouse strains, NIH produced the largest response, followed 
by BALB/c which in the homogenate assay was only slightly lower than the 
NIH response. In assays with the L4 homogenate the NIH rate of IgG increase 
was significantly greater after day 21 than before(p<0.05), but again this did 
not occur in either of the other two strains. In the E/S assay (Figure 6.11) the 
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Figure 6.9 lgG respone to H. po/ygyrus adult antigens, measured by binding to 
adult E/S coated wells. Mean % cpm, + one SE, is shown. Sera from CBA, 
BALB/c and NIH mice were assayed over 56 days following a primary infection 
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Figure 6.10 lgG response to H. polygyrus larval antigens, measured by binding 
to L4 homogenate coated wells. Mean % cpm, + one SE, is shown. Sera from 
CBA, BALB/c and NIH mice were assayed over 56 days following a primary 
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Figure 6.11 IgG response to H. po/ygyrus larval antigens, measured by binding 
to L4 E/S coated wells. Mean % cpm, + one SE, is shown. Sera from CBA, 
BALB/c and NIH mice were assayed over 56 days following a primary infection 
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BALB/c lgG response was well below that produced in the NIH strain. Antibody 
production in CBA mice was clearly less than in both the other strains. As 
early as day 14 the strain differences in lgG production against this antigen 
became apparent. The NIH and BALB/c response curves could be extrapolated 
back to day 7 and the actual contact with the L4 antigens. This contrasts with 
the rise after day 21 in the assays against adult antigens (Figure 6.8 and 6.9). 
In figures 6.10 and 6.11 there was a continued increase in anti-L4 antibody 
long after all the adults had emerged. There was a greater IgG synthesis 
against E/S products of the parasite than against homogenates of the whole 
larvae. The anti-1-4 E/S lgG production was similar in its intensity to the 
antibody response against the adult E/S proteins. 
Antibody production during challenge infections with H. po/ygyrus 
Mice cleared of H. polygyrus and reinfected on day 28 were assayed for 
their 1gM and lgG levels against the various parasite preparations from day 0 
(28 days after primary infection) onward. All groups of immunised mice 
showed raised 1gM levels at the time of reinfection (Figures 6.12, 6.13, 6.14 and 
6.15). Nevertheless 1gM concentrations increased enormously in all strains 
within 7 days of challenge. For example, when measured against adult 
homogenate, NIH mice showed a five fold increase to a peak level of over 
500% after one week (Figure 6.12), and a similar increase was seen in 
antibodies reacting with larval homogenate (Figure 6.14). After these peaks a 
sharp decline was followed by a plateau, but levels remained above the initial 
value at the time of reinfection (day 0). 
The intensity of the 1gM production to adult antigens generally reflected 
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Figure 6.12 Secondary 1gM response to H. po/ygyrus adult antigens, measured 
by binding to adult homogenate coated wells. Mean % cpm, + one SE, is 
shown. Sera from CBA, BALB/c and NIH mice were assayed over 28 days 
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Figure 6.13 Secondary 1gM response to H. po/ygyrus adult antigens, measured 
by binding to adult E/S coated wells. Mean % cpm, one SE, is shown. Sera 
from CBA, BALB/c and NIH mice were assayed over 28 days following a 
challenge infection of 2501-3 H. polygyrus 
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FIGURE 6.13 
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Figure 6.14 Secondary 1gM response to H. po/ygyrus larval antigens, measured 
by binding to L4 homogenate coated wells. Mean % cpm, + one SE, is shown. 
Sera from CBA, BALB/c and NIH mice were assayed over 28 days following a 
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Figure 6.15 Secondary 1gM response to H. polygycus larval antigens, measured 
by binding to L4 E/S coated wells. Mean % cpm, + one SE, is shown. Sera 
from CBA, BALB/c and NIH mice were assayed over 28 days following a 
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the known immune status of the host (Figure 6.12 and .13). Titres in NIH 
mice increased the most, followed by BALB/c and then the low responder CBA 
mice, although the highest peak titre against adult E/S antigens was shown by 
BALB/c mice. 
1gM antibodies reacting with larval antigens reached higher relative titres 
than those against the adults (Figures 6.14 and 6.15), but once again there was 
a general trend and the level of increase was least in CBA mice and greatest 
in NIH. Indeed, after one week NIH sera had a value eight times that of the 
standard serum in one assay (Figure 6.14). The five-fold increase in antibody 
to both larval antigens in this strain matched the increase seen for adult 
homogenate, and clearly confirmed the responder status of NIH mice in terms 
of antibody production. Once more, after the initial peak, a rapid decline in 
antibody titre was seen in all three strains and by day 28 after challenge there 
was little evidence that 1gM levels in CBA mice were above those at the time 
of reinfection. Unlike the 1gM titres the secondary IgG titres were generally 
maintained at a high level and, in the case of NIH mice, showed a continued 
rise up to and including day 28 when measured against E/S antigens (Figures 
6.16, 6.17, 6.18 and 6.19). 
With one exception, in the IgG assays the titre in mice receiving the 
immunising regime of infections were all at the same low level at the time of 
reinfection though still above background counts. This contrasts with the 
situation in the 1gM assays where immunised mice showed elevated 1gM 
concentrations on day 0 of the second infection. NIH mice might have been 
expected to show a higher level at the start of a challenge infection than the 
low responder CBA strain but only did so in one assay (Figure 6.19). It appears 
that the anthelmintic regime restricted development of the antibody response. 
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Figure 6.16 Secondary lgG response to H. polygyrus adult antigens, measured 
by binding to adult homogenate coated wells. Mean % cpm, + one SE, is 
shown. Sera from CB.A, BALB/c and NIH mice were assayed over 28 days 
following a challenge infection of 2500 H. po/ygyru& 
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Figure 6.17 Secondary lgG response to H. po/ygyrus adult antigens, measured 
by binding to adult E/S coated wells. Mean % cpm, + one SE, is shown. Sera 
from CBA, BALB/c and NIH mice were assayed over 28 days following a 
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Figure 6.18 Secondary lgG response to H. po/ygyrus larval antigens, measured 
by binding to L4 homogenate coated wells. Mean % cpm, + one SE, is shown. 
Sera from CBA, BALB/c and NIH mice were assayed over 28 days following a 
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Figure 6.19 Secondary IgG response to H. poly.gvrus larval antigens, measured 
by binding to L4 E/S coated wells. Mean % cpm, + one SE, shown. Sera from 
CBA.BALB/c and NIH mice were assayed over 28 days following a challenge 
infection of 2501-3 H. polygyrus 
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Figures 6.16 and 6.17 illustrate the rapid rise in lgG serum titres following 
challenge of immunised mice, when the sera were assayed against adult 
antigens. This was particularly evident in the NIH response to adult E/S 
products. In the homogenate assay the rise in lgG in all three strains was 
limited to the first 7-14 days, and thereafter the titres remained more or less 
constant (Figure 6.16). The lgG level in the E/S assay (Figure 6.17) steadied in 
the CBA and BALB/c mice after day 14, but in this assay the NIH sera 
continued to show an increase in lgG titres, with little to suggest that they 
had reached a peak, 4 weeks after reinfection. 
A similar picture emerged for reinfected mice when their IgG responses 
were assayed with L4 antigens. Using the L4 homogenate (Figure 6.18), all 
three strains of mice showed an early rise in titre followed by a plateau, and 
in the long term the antibody levels in all three were more or less identical. 
However, when the responses were measured against the L4 E/S preparation, 
the superiority of NIH mice was again evident, with a peak response twice that 
seen in the other two strains (Figure 6.19). As with the adult antigen assays, 
the responses between CBA and BALB/c mice could not be distinguished. In 
NIH mice, the lgG titre was above background levels at the time of challenge. 
This represented residual antibody from the initial infection which was 
terminated shortly after the worms had emerged from the intestinal wall. No 
further rise in the antibody titre against larval E/S antigens was seen in the 
three strains after day 14 of the second infection, when all the larvae would 
have matured into adults. Additionally, there was no further rise in antibodies 
against adult E/S antigens in CBA and BALB/c mice. 
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Analysis of antisera by immunoblotting 
In addition to the SDS-PAGE gels run to determine the protein content of 
the antigen preparations, immunoblotting was carried out using sera from the 
animals in the RIA study, according to the technique described in chapter 2. 
The results using an anti-lgG horseradish peroxidase (HRP) conjugate to label 
the binding antibody showed binding in the 60 to 90KDa area against adult and 
L4 homogenates. The NIH day 56 primary and day 28 secondary sera provided 
stronger staining than that seen for the CBA and BALB/c samples, particularly 
in the secondary infection sera (Figure 6.20). The CBA and BALB/c sera had a 
very faint reaction with antigens in the L4 homogenate and at the higher 
molecular weight only NIH produced any binding. Despite the fact that many of 
the worm antigens were of low molecular weight, as seen in the CBB stains, 
all the antibodies apparently were bound to high molecular weight proteins. 
The the radloimmunoassay results showed that the antibodies against the 
parasite were not exclusive to the lgG class, though the majority of them are 
generally of this isotype (Pritchard et. at 1984a). The reaction of NIH sera with 
L4 homogenate was also revealed after blotting, by use of a rabbit anti-whole 
mouse immunoglobulin in serum. When this serum was absorbed previously 
with mouse lgG, bands were still revealed indicating the presence of non-lgG 
antibodies. 
DISCUSSION 
The experiments reported here had two major objectives; (1) to study the 
time course of the appearance of serum antibodies and relate this to the 
cellular changes induced by the parasite; and (2) to correlate the changes in 
serum concentrations of parasite specific antibody of different isotype with the 
production of immunity. Both these studies were carried out in strains of 
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Figure 6.20 A diagramatic representation of the Western blot produced using 
various protein and sera preparations. Samples were resolved by SOS- PAGE 
using a 3% stacking gel (pH 6.8) and a 7.5-15% running gel at 40mA for 2- 3 
hours. Proteins were transferred electrophoretically to nitrocellulose overnight 
(0.lmA). Following incubation with the serum rabbit anti-mouse lgG HRP 
conjugate was added for a further incubation. Bands were then developed by 
the addition of H 20 2 in chloronapthal. The first column indicates where the 
markers of known molecular weight were found after staining with amido 
black. In columns 2-7 an adult H. po/vgyrus homogenate preparation was run. 
In columns 8-10 an L4 H. po/ygyrus homogenate preparation was run. The 
nitrocellulose bound proteins were incubated with sera from day 56 of 
secondary or primary infections; columns 2 and 8 NIH secondary infection sera 
(NIH 2), column 3 NIH primary infection sera (NIH 10),  columns 4 and 9 CBA 
secondary infection sera (CBA 2), column 5 CBA primary infection sera (CBA 
10), columns 6 and 10 BALB/c secondary infection sera (BALB/c 20),  column 7 
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mice of varying responsiveness to the parasite. A third aspect of the study, 
arising from the two main investigations, was an assessment of how the 
antibody response was affected by changes in the antigens associated with 
specific stages in the parasite's life cycle. 
The detection of parasite-specific 1gM and lgG in all the assays undertaken 
over a 56 day primary infection or during 28 days following a challenge 
infection, confirmed that all the strains of mice studied were stimulated to 
secrete antibody, irrespective of the outcome in terms of the number of 
worms expelled. This has been reported by other workers, but no direct 
comparison has been made between the stage-specific antibody responses of 
different strains of mice. Price & Turner (1986a) showed that lgG titres to 
H. polygyrus egg extract and adult E/S products developed only after the adult 
worms were established and egg production was initiated. Antibodies against 
the L3 stage of the parasite yeilded proportionally higher titres early in the 
infection. 1gM titres to E/S products were maintained in long term infected 
mice, whilst titres to the adult and L3 homogenate declined by half. The 
results presented in this chapter show that antibody in a primary infection was 
parasite specific but failed to reduce the worm burden of these chronically 
infected mice. This is similar to the findings of Williams and Behnke (1983) in 
which they failed to detect host-protective antibodies in chronically infected 
mice. However the lack of protective antibody was judged by the inability to 
transfer host protection in sera from primary infections either when given 
alone or together with immune MLN cells. These workers did find a slight 
increase in lgGl antibody; this was the only one to show a rise. 
It was evident that the appearance of antibodies followed a normal pattern 
in both primary and secondary infections. Whether assays were carried out 
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against adult or larval antigen preparations 1gM was detected in the day 7 or 
day 14 primary infection sera. lgG production was generally in evidence 
between days 14 and 21. These results confirm similar lgGl titre changes 
noted by Williams and Behnke (1983) in which the greatest increase ocurred 
between days 7 and 21. The 1gM response reported here was perhaps unusual 
in that relatively high levels were maintained in all three strains over the 8 
week period. In interpreting the high 1gM titres in NIH mice particularly, it 
must be remembered that the hyperimmune standard serum was likely to have 
a relatively low concentration of parasite specific 1gM. In contrast the lgG 
concentrations would have been greatly elevated in the standard serum. A 
similar qualification has to be placed on the interpretation of the analysis of 
anti- H. po/ygyrus responses by an ELISA assay described by Price and Turner 
(1986a). Their standard, against which experimental results were expressed, 
contained pooled serum from long-term infected mice and were assigned a 
value for the lgG and 1gM titres. These authors reported the production of 
stage specific antibodies during the maturation of the parasite as detected by 
a more rapid increase in IgG titres to L3 homogenate after infection, compared 
with responses to egg antigen or E/S products. This is consistent with 
reports that antibodies to stage-specific antigens of infective and migratory 
larvae and adult H. polygyru.s N. brasiiensis and T. spiral/s develop at different 
rates during primary infections (Pritchard et. al. 1984c, Maizels et. al. 1983, 
Phillip et. al. 1981). However a degree of cross reactivity between these 
extracts was evident from titres to E/S products and L3 homogenate after 
immunisation with adult extract (Price & Turner 1986a). In the work presented 
here this was also found as expressed by the early rise in antibodies against 
adult antigens and the continuous response to larval antigens during the adult 
stage of infection. 
am 
Similar to the results found here Price & Turner (1986a) found the 1gM titre 
to E/S products were maintained in long term infected mice, and they found 
titres to adult and L3 homogenates declined by half over 100 days. These 
workers used a poor to moderate responder strain in their study, comparable 
to the low responders used here, yet the CBA strain had a prolonged 1gM 
production which remained consistently high over the 56 days studied of a 
primary infection. 
As expected, in immunised and challenged mice, secondary antibody 
responses developed much more quickly. High levels of 1gM were apparent by 
day 7, but lgG antibodies appeared at the same time and continued to 
increase while the 19M responses declined. This was most marked in the lgG 
response to the E/S preparation in NIH mice, and it was clear that this strain 
had been particularly well primed against these antigens. 
In the experiments described in the previous chapters there was frequently 
a peak to the cellular responses induced by a primary H. po/ygyrus infection, 
usually between days 7 and 14. This represents the time when young adult 
worms were emerging from the intestinal wall. While there was no peak in 
either 1gM or lgG production at this time, it was clear that the onset of 
antibody synthesis was associated with the B cell proliferation described 
previously. This was reflected, for example, in the sharp increase in 1gM 
antibody against adult and larval homogenates between days 7 and 14. It was 
clear that a continued proliferative response was not required for the 
maintenance of circulating antibodies. However it was striking that NIH, the 
strain which showed the most continuous increase in both 1gM and lgG 
antibodies over the 8 week period, was also the strain in which the 
proliferative B cell response was most persistent. Indeed in some primary 
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assays (Figures 6.8, 6.9 and 6.10) the rate of IgG production in this strain 
increased for a time, varying from 2 to 5 weeks, before levelling off or 
remaining at this elevate production until day 56 (Figure 6.9). 
It can be concluded from the early appearance and prolonged output of 
antibody that there was continuous stimulation of B cells by the parasite, and 
that both larval and adult stages were immunogenic. Nevertheless, it is known 
that a larval infection provides better protection than an adult innoculation to 
a challenge infection of H. po/ygyrus (Jacobson et. at 1982). It has been 
shown that fractions of the adult homogenate containing polypeptides of 
molecular weight 40000 to 110000 provided the best vaccine when compared 
to other adult fractions (Monroy & Dobson 1986). This was the range of 
antigen to which immune mice sera responded. From the results presented 
here for both primary and secondary responses the immunogenic inferiority of 
adult antigens is not due to a lack of ability to stimulate B cells. It is more 
likely to be produced by some form of immunomodulation during the adult 
phase (Behnke et. al. 1983), since soluble antigens derived from adult parasites 
have the ability to depress the immune system, perhaps by generating 
suppressor cell activity (Pritchard et. al 1984a). However the presence of 
suppressor cells can only be inferred at present. Their identity remains 
uncertain, and there was no evidence for an increase in Lyt 2 T cells from the 
FACS analysis. The possibility that antibodies may be protective to the 
parasite has been suggested, but it is unclear how this protection is 
accomplished (Dobson & Cayzer 1982a). The antibodies could form soluble 
immune complexes around the worm having a parasite- protective effect by 
reducing the exposure of the cuticle to complement components. Immune 
complexes containing C3 fragments would compete with cuticular-bound C3 
and antibody for C3 and immunoglobulin Fc receptors on neighbouring effector 
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cells, possibly to the extent of reducing attachment of cells to the larval 
surface. However, Prowse et. at (1979a) showed that sensitization of L3 with 
complement or antibodies from the serum lof immune mice promoted the 
adherence of mouse peritoneal exudate cells to the larval cuticle during 
incubation in vitro 
The RIA used here confirmed that mice infected with H. potygyrus 
developed 1gM and lgG antibodies corresponding to antigens found in the E/S 
products and homogenates of both L4 and adult stages. The data also 
indicated that at least some of these antigens are common to the two life 
cycle stages, a conculsion which is supported by the SDS-PAGE analysis of the 
antigen preparations. 
The key feature of the responses which indicated cross reactivity between 
the stages was the continued rise in titre of antibodies to larval antigens 
several weeks after the maturation of larvae and their disappearance from the 
intestinal wall. This was particularly apparent in the response in NIH mice, 
where the quantity of 1gM reacting with L4 homogenate more than doubled 
after day 21, producing a curve which was almost identical in shape to the 
response to adult homogenates (Figures 6.6 and 6.4). Similarly there was 
three-fold rise in primary lgG antibodies binding to both larval preparations 
between days 21 and 56. It seems clear that exposure to adult antigens 
during this period further stimulated the response to larval products due to 
their cross reactivity. 
Further evidence for cross reactivity between the proteins of the two 
stages came from the early 1gM response to E/S antigens. By day 7 of a 
primary infection, when no adults had yet emerged into the gut, significant 
levels of antibody reacting with adults as well as larval E/S preparations were 
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detected in the sera, particularly in BALB/c mice. However it should be noted 
that no antibodies against - adult homogenate were detected at this time, 
although in this case the BALB/c response was not investigated. It has been 
shown that the ability of mice to expel the parasite is linked to their capacity 
to produce antibodies which recognise specific antigens on the adult or, 
particularly antigens limited to the L4 stage (Pritchard & Carr 1987, Adams et. 
al. 1987). This has also been found for T. spiral/s infections in which the 
production of parasite specific antibodies to surface antigens is directly related 
to the rapid expulsion of the nematode (Jungery & Ogilvie 1982). The 
immunoblots presented here confirmed these qualitative and quantitative 
differences in the antibody response to H. polygyrus between the strains used. 
Almost without exception the anibody response by the CBA strain to an 
H. po/ygyrus infection was the poorest over the long term in comparison with 
the two other strains studied. In the early stages of the infection, up to days 
14 to 21 in a primary infection and until day 7 in a challenge infection, the 
CBA mice responded in a very similar manner to the high responder strains 
with an increase in their anti-H. po/ygyrus antibodies. It was after this period 
that differences became apparent. During a primary infection, while the 
antibody titre continued to rise from day 21 in all NIH and the majority of 
BALB/c mice, the response in 	CBA 	mice 	levelled 	off. 	The 	higher level of 
antibody was maintained 	in these mice but not improved on. 	From day 21 
onwards all the lesions in the intestine had healed (Liu 1965) and this would 
cut off one of the routes for antigens to gain access to the circulation. 
Despite this the NIH mice still appeared to have an efficient system for the 
transportation of these antigens from the lumen after this time. From day 21 
onwards in a primary infection CBA and BALB/c mice proportions of slg cells 
are at or returning to control levels in the MLN and spleen (Chapter 4). NIH 
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mice in contrast have an elevated level of slg cell frequency from as early as 
day 4, in the MLN, which continued throughout the 28 days of the 
investigation. These factors show a selective expansion of B cells in NIH mice 
which it is able to sustain during the period when only mature worms would 
be present and influencing the immune responses. 
In response to a challenge infection the peak 1gM titre for the CBA strain 
coincided with the other strains but was consistently of a lower value. The 
lgG response to secondary infection was very similar in the three strains. The 
exception to this was the NIH response to the E/S products which showed a 
continuous rise at the time when CBA and BALB/c titres were steady. In 
general it was found that the BALB/c mice antibody response in these 
infections was of intermediate intensity compared to the other two strains. 
In primary infections, particularly in the NIH strain, some mice had an 
ability to respond continuously to the parasite's antigens throughout the 56 
days assayed and this was seen as a rise in both IgG and 1gM. The high 
responsiveness of NIH was also reflected in their reactions to secondary 
infections, both in the case of 1gM where they produced the highest peak in 3 
out of the 4 assays, and in lgG secretion against the E/S products where there 
was a protracted rise. 
The response by NIH mice, producing a higher lgG titre against the E/S 
antigens than the homogenate in secondary infections, was unusual because 
of the strains studied here NIH was possibly most exposed to the internal 
antigens of the parasite. This was because NIH were capable of destroying the 
parasite and so releasing internal antigens into the circulation: although there 
is now evidence that the parasite may be expelled whole from immune mice 
(Cypess et. al. 1988). Despite this, the strain was able to distinguish between 
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the E/S antigens and those of the whole worm. This may be an important 
factor in the development of its immunity against H. po/ygvrus and the 
magnitude and speed of the response to E/S proteins of the L4 stage may 
also help this strain to expel the parasite. Recent work by Ey (1988) 
demonstrated that larval maturation was retarded in mice immunised with EIS 
antigens from the L3 stage, this was in contrast with larvae developing at the 
normal rate in mice that had been hyperimmunised with killed exsheathed 
larvae. Several protective E/S antigens have been identified for the nematode 
I spiralis (Silberstein & Despommier 1984, 1985). Enhanced resistance in 
animals infected with irradiated Tsp/rails larvae may be due to an increase in 
the release of EIS antigens known to occur under such conditions 
(Agyei-Frempong & Catty 1983). The retarded maturation of such parasites 
provides a prolonged release of stage specific antigens, allowing increased 
titres against these and followed by enhanced resistance (Urban & 
Romanswski 1985). Certainly the worm recovery data confirmed NIH had an 
efficient mechanisn for the expulsion of the parasite. 
A complication in the interpretation of the antibody titres measured in the 
radioimmunoassay is that the BALB/c mice, which were bled for the 
hyperimmune serum, may have been exposed to a larger proportion of the 
internal antigens of H. polygyrus than the experimental mice, with the possible 
exception of NIH. This conclusion is based on the assumption that parasites 
destroyed by the immune system during the third infection would have 
released a large amount of debris into the lymphatic and vascular systems. 
This being the case, a higher proportion of.antibodies in the standard serum 
may have been directed against the proteins of the homogenate than against 
the E/S antigens. This would have the effect of reducing the titre against the 
homogenate compared to the E/S in the experimental mice since the results 
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are expressed as a proportion of the binding of the 125_  Ig in the 
hyperimmune BALB/c sera. However, recent work has suggested that larvae are 
expelled whole, as no evidence of dead or fragmented larvae in tissue cysts of 
immune high responder mice have been found (Cypess et. al. 1988). 
Additionally there may be more specific antigen in the E/S solution coated 
onto the radioimmunoassay plate. Nevertheless the antigen should not be a 
limiting factor in this assay, though the antigenic proteins might also be 
'blocked' to an extent by the other proteins in the preparation. 
One of the most striking observations was the continued high titre of 1gM, 
well into the primary infection and for some time in the secondary infection of 
all the strains. Assayed against the homogenate the NIH primary sera showed 
a gradual 1gM increase, slightly higher than the anti-E/S antibody 
concentrations. In a primary infection NIH responded more slowly in its 1gM 
production than CBA and BALB/c, but continued its steady rise in production 
after the other two strains had stopped increasing. Other workers have 
reported a high 1gM titre in both susceptible and resistant mice (Price & 
Turner 1986a, Williams & Behnke 1986), but not at the high levels seen here. 
However Williams & Behnke (1986) found no significant changes in 1gM during 
a primary infection of the low responder strain C57131-10. They found changes 
1gM titres in NIH and C57BL10 during multiple infections, but in the high 
responder were never more than double while in C57BL10 were up to 6 fold 
higher. 
A possible reason for the greatly heightened 1gM response lies in the fact 
that the hyperimmune sera, which the experimental results were gauged 
against, was likely to have a low 1gM titre and so any small increases in the 
1gM concentration of experimental mice would exaggerate the true level. This 
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is not the case for IgG which would have been greatly elevated in the 
hyperimmunised BALB/c mice. In a similar experiment in which an ELISA assay 
was used to measure 1gM and lgG responses against various H. po/ygyrus 
protein preparations (Price & Turner 1986a), measurements were based on 
units of a standard serum from chronic infections. They found that 1gM titres 
in infected mice were higher than the IgG in assays against all the antigens 
used. 
The rise in parasite specific lgG reported here was probably due to major 
increases in the lgGl isotype although this was not investigated in the present 
study. Chapman et. at (1979b) found that lgGl hypergammaglobinanemia in 
H. po/ygyrus was composed of a heterologous population of lgGl molecules. 
Molinari at a/. (1978) estimated that in a primary infection, after 14 days, 
specific anti- H. polygyrus antibody constituted only 30% of the circulating 
lgG. In immune sera as much as 48% of purified IgGi reacted with adult 
H. polygyrus antigen (Pritchard et. at 1983). Pritchard at at (1984b) 
demonstrated that pure lgGl conferred protection to recipient mice, causing 
stunting and loss of worms and the immunoglobulin interacted with immune 
MLN cells to give high levels of protection against challenge infection. 
The ability of the three strains to respond was clear evidence that there 
was no lack of stimulation in the poor responders and that both CBA and 
BALB/c responses were very similar to that of the high responder, NIH mice. 
However it may not be the anti-parasite antibodies alone that are responsible 
for its expulsion, and a strong cellular influence is most probable. Indeed, 
immune sera raised in NIH was inferior to sera from both both CFLP and 
C57 131_ 10 mice in establishing immunity by passive transfer (Williams & Behnke 
1983). The protection was greatly enhanced, particularly for the NIH mice, 
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when immune MLN cells were included in the immunising scheme. 
It is conceivable that in the case of H. po/ygyrus NIH mice are strong 
responders because the cellular bone marrow derived components of 
protective immunity function efficiently in the presence of anti-parasite host 
protective antibodies. In other words only a small quantity of antibody may be 
all that is required to co-operate synergistically with the strong cellular 
components to bring about a very effective response against this parasite. In 
the weaker responder strain, CBA, the strong antibody and cellular responses 
to H. po/ygyrus which were only slightly lower than those seen in NIH, may 
not be able to co-operate as effectively to provide protective immunity. 
Certainly when measuring the separate components of this strain's immune 
responses they did not appear deficient in any aspect, but the specificity of 
the NIH sera could be a very important factor. 
Once again the prolonged nature of the NIH response in some of these 
assays was evidence of its ability to respond against the adult. This, with the 
continued cellular responses at this time, are features of the strain which 
differentiate it from poor responder CBA mice. 
CONCLUSION 
All three strains produced 1gM and IgG antibodies, but showed variations in 
the rate of antibody production and in the peak titres attained. In general the 
observations confirmed the responder status of CBA. From some assays, for 
example secondary IgG, it was clear that CBA mice responded as well as 




GENERAL DISCUSSION AND CONCLUSIONS 
For some time it has been appreciated that human nematode infections are 
of a chronic nature. Inhabitants of endemic areas may become infected in 
childhood and harbour the worms for the remainder of their lives (Croll et. al. 
1982, Anderson & Medley 1985). Aquired immunity would appear to be of little 
importance in protecting the host when population studies show such a high 
frequency and stability of infection (Mitchell 1979, Anderson & May 1985). 
Persistence of the nematode presumably requires that the parasite evolves 
mechanisms to evade, subdue or to coexist with potentially host-protective 
immune responses. Mechanisms of evasion, for both protozoan and metazoan 
parasites, of the host-protective responses that have been demonstrated or 
postulated fall into three broad categories (1) reduced net antigenicity, (2) 
modification of the intracellular environment and (3) modulation of the host 
immune response by the parasite. However, as yet there is. no satisfactory 
immunological explanation for the longevity of nematode parasites and the 
apparent impunity with which their survival is accomplished, in hosts that 
appear in other respects to be fully immunocompetent. 
An ultimate objective for immunoparasitologists is the production of 
vaccines that will protect man and domestic animals against the debilitating 
effects of parasitic infections. Few vaccines have ever reached the stage of 
commercial production and only two, those against lungworm and Babes/a 
infections in cattle, are presently marketed on a large scale. Two of the 
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principle reasons, among many, for the limited success of these vaccines are a 
lack of knowledge of the antigens that elicit protective immune responses 
and a poor understanding of the form that these responses, take. When 
vaccination was first demonstrated with irradiation-damaged Dictyocaulus 
viviparus (Jarrett et. at 1959) little of the details of the immune response were 
known. Unfortunately no other nematode vaccine has been able to repeat the 
success of this one on a commercial scale. A better understanding of the 
immunological changes during an infection would aid the production of 
vaccinces. 
For obvious reasons the study of human parasite infections should take 
priority in research programmes. However, the human hookworms N. 
americanus and A. duodenale are highly specific to man and cannot be 
transmitted to laboratory rodents consistently enough to make in viva 
experimentation possible. N. americanus can be maintained in the laboratory 
by propagation in neonatal hamsters (Sen 1972, Behnke et. at 1986). With the 
exception of primates, all in vivo studies that examine the complete life cycle 
of Ancy/ostoma hookworms currently require the use of dogs and cats. An 
alternative approach to the study of hookworm infections is the use of natural 
parasites of rodents; it is here that H. po/ygyrus provides a good model of 
chronic gastrointestinal infection in the mouse host (Bartlett & Ball 1972). 
The results presented in this thesis illustrate more precisly than has 
previously been described, some of the immunological changes that are 
promoted by an infection of H. po/ygyrus in its natural host. 
In the majority of the infections studied here a single doses of H. 
po/ygyrus was administered to the animals. As an epidemiological model of 
hookworm infections the inoculation of the host with one dose of the parasite 
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is possibly unrealistic, since such infections expose an immunologically naive 
host to relatively large numbers of the parasite larvae. A series of trickle 
infections may have reflected a more accurate picture of the natural situation. 
However, the influence of any one infection on the immune responses would 
have been obscured by the superimposed infections. In addition H. polygyrus 
is unusual in that a single primary infection lasts many months and is not 
expelled, in the majority of mouse strains. This mimics in many respects a 
chronic infection without the introduction of new larvae and the loss of either 
these immature worms or the resident adult infection. For this reason the 
majority of the investigations were performed in animals with primary 
infections. The use of multiple infections, where the stimulating infections 
were removed by anthelmintics, provided information on the immunological 
changes which occurred in immune hosts associated with the onset of a 
protective immune response. 
For H. po/ygyrus a series of steps in the developing primary immune 
response have been defined. Some of the cellular responses in the secondary 
lymphoid tissues have been reported by earlier workers (Spurlock 1943, Liu 
1965, Ali & Behnke 1985, Losson 1985). However, the exact nature of these 
changes has been unclear. It has become evident that they take the form of 
an early proliferative response with an increase in tissue size and cellularity, in 
line with the suggestions of Price and Turner (1983a) for the spleen, and an 
associated increase in circulatory leucocytes (Cypess et. al. 1972). An early 
proliferative response was described in the three strains of mice examined in 
this study, associated with an increase in organ size and cellularity (Chapter 3) 
and, at the same time, an increase in the number of circulating leucocytes was 
observed (Chapter 5). Both B and T cells increased in number, but the 
predominant response, particularly in the draining lymph nodes was a B cell 
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response (Chapter 4). The production of B cells was associated with the 
synthesis of specific antibody (Chapter 6). For example the NIH strain, with a 
prolonged proliferative response and prolonged raised frequency of B cells in 
the MLN, consistently proved to be the strain with most specific antibody in 
the circulation. On the other hand, it is likely that the scale of the B cell 
response was too large to account for specific antibody only and that it was 
also associated with the non- specific IgGi hypergammaglobulinaemia 
described by others (Molinari et. at 197 Pritchard et. a/. .1983). It is now 
possible to determine the the number of parasite-specific antibody secreting 
cells (Wassom et. al. 1986). Using this assay a link between non-specific 
antibody production and susceptibility to H. po/ygrus might be found. 
The individual components that make up a good response to the parasite 
are well documented but the exact manner in which they interact to expel the 
parasite is still unclear. It is generally believed that acquired immunity to 
H. po/grus is elicited by and acts preferentially against the L4 stages during 
their residence in the intestinal wall, a time more than any other when the 
immune system will have access to the pathogen (Bartlett & Ball 1974, Hagan 
et. al. 1981, Pritchard et. at 1983, Liu 1960). The damage that the parasite 
incurs is unclear, though the antigens that are shed from it stimulate 
macrophages which have been shown to become increasingly responsive to 
the parasite (Jones & Rubin 1974). This then leads to the stimulation of T 
cells followed by the production of specific antibody. In conjunction with the 
rise in lymphocyte numbers the granulocytic cell population also expands, and 
this is particularly true of eosinophils during secondary infections (Hurley & 
Vadas 1983). The importance of inflammation was emphasized as long ago as 
1939, in rats infected with N. bras//lens/s (Taliaferro and Sarles 1939). However 
the recent results of Cypess et. at (1988) failed to show evidence of the L4 
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being damaged while residing in the tissues of resistant mice prior to 
expulsion. 
Immediate hypersensitivity in which mast cells are an important factor has 
been associated with the rejection of intestinal nematodes such as N. 
bras/liens/s and T. spiral/s (Wakelin & Wilson 1980). H. polygyrus infections 
appear to be the exception among many intestinal nematode infections in not 
increasing the mucosal mast cell population during infection (Dehlawi et. al. 
1987) 
Significant differences in the level of responsiveness to an H. po/ygyrus 
infection have been found in outbred populations of mice. The extent of this 
diversity was illustrated by the derivation of high and low responder mice 
within a strain by selective breeding (Brindley & Dobson 1982a,b). This 
selective breeding has also been accomplished in mice for Tr/chur/s muris 
(Wakelin 1975) and from outbred guinea-pigs infected with Trichostrongulus 
colubr/formis (Dargie 1982). These results, obtained with laboratory rodents, 
have been matched by work in which sheep were selected for resistance to a 
variety of gastrointestinal nematodes, including H. contortus and 
T. colubriform/s (Dargie 1982). A similar development of resistance probably 
occurs in humans inhabiting endemic areas, though obviously the selection 
would be much less intense. The genetic differences in resistance also take 
the form of reduced pathology in addition to a reduction in the worm burden 
in H. polygyrus infected mice (Behnke & Robinson 1985). This diversity in 
resistance may result from two immunological phenomena which may to some 
extent be interrelated and which have been demonstrated to be important in 
H. polygyrus infections. The first is the combination of inherited genetic 
characteristics, which may affect such processes as antigen handling and 
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recognition; the second is susceptibility to immunosuppression, which could 
also have a genetic basis. It has been shown that both background and MHC 
(H-2) genes influence the capacity to acquire immunity to H. polygyrus in mice 
(Behnke & Robinson 1985). The three strains used in the present study varied 
in both these aspects, with H- 2 haplotypes of k, d and q for CBA, BALB/c and 
NIH respectively, and each having their own strain-specific background genes. 
The susceptibility of these three strains of mice to an H. po/ygyrus 
infection was seen to be very similar after a single exposure to the parasite. 
It was only during challenge infections that differences in their resistance 
became apparent (Chapters 5 and 6). The NIH strain produced by far the most 
effective resistance, measured by the reduction in the worm burden, although 
NIH and BALB/c strains were both classified as intermediate responders 
(Behnke & Robinson 1985). In the work presented here BALB/c mice were able 
to reduce the worm burden in a challenge infection, but not to the extent of 
NIH mice. The CBA strain in contrast showed no increase in their ability to 
expel worms during these secondary infections. Genetic control of 
responsiveness is mediated both through antibody production and the 
mechanisms of cellular immunity. In the responses studied here quantitative 
and qualitative differences in NIH antibody production distinguished it from the 
more susceptible CBA and BALB/c mice (Chapter 6). In mice infected with 
Taenia taeniaeform/s high responder mice, which were able to kill the parasite, 
produced sufficient antibody before the larvae lost their susceptibility to 
complement-mediated killing (Mitchell et. a/. 1980). This contrasted with 
non-resistant mice whose antibody titre only increased after the critical period 
of susceptibility for the larvae. In H. po/ygyrus infections differences in 
antibody titres between the strains were generally seen later in the infection, 
after day 21 in a primary response. However, in a challege infection the NIH 
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produced a strong early response compared to CBA mice. Passive 
immunisation of mice with serum from donors of different strains, particularly 
after multiple H. polygyrus infections, demonstrates the importance of the 
antibody titre and specificity in immunity (Dobson at. at. 1982). Little is 
known about the relation of variation in specific antibody levels to resistance 
in domestic animals or man. It is significant, however, that in areas endemic 
for filariasis, amicrofilaraemic individuals show antibodies with specificity for 
microfilarial surface antigens, which are not shown by comparable, 
microfilaraemic individuals (Piessens et. at. 1980). In addition to the antibody 
response the protracted nature of the cellular responses in NIH mice set this 
strain apart from the other two strains studied. The cellular changes in BALB/c 
mice following a challenge infection suggest that the increase in splenic B 
cells may be a significant response in the improvement of resistance. These 
preliminary investigations should be pursued in more detail, possibly with the 
addition of some high responder strain such as SJL, to determine their B cell 
responses during expulsion of the parasite. 
The importance of the cellular component in immune responses to H. 
potygyrus has been demonstrated by the heightened activities and prevalence 
of eosinophils, neutrophils and macrophages in immune mice (Hurley & Vadas 
1983, Penttila at. a/. 1984a,b, Ninnemann & Leuker 1974). However it is unclear 
at this stage how these are affected by host genotype. 
The mechanisms by which the MHC controls immune responses has been 
greatly clarified over the past fifteen years (Klein 1986). Genetic analysis of 
mixed lymphocyte reactions in mice showed that they comprise two 
components, a proliferative, or helper component, directed at I region (class II) 
antigens, and a cytotoxic component, directed at K and D region (class I) 
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antigens (Schendel et. al. 1973). Subsequent analysis of the I cell 
subpopulation involved showed that two major subsets of I cells helper 
(L3T4) and cytotoxic (Lyt 2) responded to class II and class I MHC 
alloantigens respectively (Cantor & Boyse 1975). Previous analysis of high and 
low responder mice has shown that immune response (lR) genes map to the I 
region of the MHC. That is to say, they are closely associated with the class II 
molecules essential for antigen presentation to the Th cells, and may represent 
structural variants of these products. Thus there is strong evidence that the 
processes which lead to effective Th cell stimulation by parasite antigens are 
under direct MHC control. It has previously been shown that H-2 haplotypes 
influences immunological and pathological responses to S. mansoni (Claas & 
Deelder 1979) and T. spiral/s (Wassom et. at 1984). Recent work by Enriquez 
et. at (1988), using congenic strains of BlO mice has confirmed the importance 
of MHC in the ability of mice to resist challenge with H. po/gyrus infections, 
as previously suggested by Behnke & Robinson (1985). Therefore, in 
susceptible strains of mice MHC-associated recognition of parasite antigen 
may be compromised. Thus certain antigens may fail to stimulate an adequate 
response either because they fail to bind to particular class II products 
(MHC-restricted dual recognition) or, perhaps, because they resemble them too 
closely. 
Alternatively, the link between the genetic makeup of the host and its 
ability to respond to H. polygyrus may reflect an inability of the B cell 
population to recognise certain parasitic proteins and respond appropriately to 
them. Pritchard and Carr (1987) demonstrated the binding of antibodies to 
proteins in the L4 stage was linked to resistance. From the preliminary 
Western blot studies carried out here there was a suggestion that there were 
differences in antibody binding between the 3 strains (Chapter6). A similar 
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situation has been found in other animal models. For example, a direct 
correlation between antigen recognition and resistance has been made using 
S. japonicum in 129/J mice (Mitchell et. at 1985). Similarly, differences in 
antibody recognition patterns have been demonstrated during T. spiral/s 
infections; mice that show a greater overall resistance, recognise surface 
antigens of the parasite more rapidly than poor responders (Jungery & Ogilvie 
1982). Genetically determined differences in the kinetics of the antibody 
response, particularly complement-fixing isotypes, have been proposed as the 
basis for mouse strain-dependent differences in resistance to the larval stages 
of T taeniaeformis (Mitchell et. a/. 1980). 
Parasites present a multiplicity of antigens, probably all of them complex, 
and elicit a multiplicity of responses. With more complex antigens, unless 
present in small amounts, it is probable that several determinants will be 
recognised and an exclusive, single-gene control is unlikely. Since resistance 
can develop after multiple H. polygyrus infections in mice incapable of 
controlling a primary infection, it appears that non-H-2 (background) genes 
contribute to susceptibility, and that MHC-linked antigen recognition is not the 
only factor in the inability of mice to expel the parasite. In the present study 
all three strains, including CBA, responded in all assays used, and in some 
small preliminary experiments (Chapter 3) which extended the work in CBA 
mice, no fundamental defect appeared in this strain. Determining the actual 
function of the antigens, against which the resistant host responds is possibly 
the next step in this field. Among the proteins secreted by the parasite there 
will be some with enzymatic function that are essential for the survival of the 
parasite. It is vaccines against antigens such as these that may prove to be 
the most successful in the future. 
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Another possible method of H. polygyrus avoiding expulsion is through the 
production of immunological modulators (Pritchard & Behnke 1985, Price & 
Turner 1986b), especially by the adult (Behnke et. al. 1983). These could act 
directly on effector cells, or stimulate host suppressor cells. Over the course 
of an infection their source would most probably be the E/S proteins which 
are continuously produced. Some of these products were recognised by the 
host as antigenic (Chapter 6) and in the high responder strain, NIH, led to a 
prolonged antibody production. This continued response by the NIH strain was 
a characteristic of many of its immune reactions and may be due to a lack of 
stimulation of a particular Population of Is cells, which were more active in 
the CBA and BALB/c mice. There would appear to be a direct link betwwen 
the degree of immunosuppression in suscptible strains and the size of the 
worm burden (Sitepu et. al. 1985, Dobson et. al. 1985, Enriquez at. al. 1988). 
One mechanism by which a parasite might exert control over the host's 
immune system is by producing factors which mimic the host's own regulatory 
molecules. A large number of soluble factors are involved in regulation of the 
immune response. Some of these are antigen specific, for example certain 
products of Th and Ts cells. Others are antigen non-specific and regulate the 
proliferation and differentiation of stimulated cells. It is not known whether 
molecular mimicry of this sort operates during H. polygyrus infections. If it 
does, it is probably a late event since immunosuppression is associated with 
adults, and since strain differences in responsiveness generally emerge in 
second or subsequent infections. While, as indicated, some adult E/S products 
are recognised as antigenic, others may directly modulate the behaviour of 
lymphocyte or other cells, and this should be open to test. 
T cells have been shown to be partially responsible for the development of 
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immunity to H. polygyrus as demonstrated by work in athymic mice (Prowse 
et. al. 1978b) and in vitro cultures of Thy 1.2 sensitive cells (Price & Turner 
1986b). The production of 1L2 by MLN cells from multiply-infected mice in the 
presence of adherent cells and parasite antigens illustrates the helper function 
these cells can stimulate. However in other nematode infections it was found 
that T cells taken early during a primary infection tended to be more 
protective when transferred to naive hosts than T cells from hyperimmune 
donors (Ogilvie et. a/. 1977, Wakelin & Wilson 1977, Nawa & Miller 1978). 
These results imply some form of suppression in the T cell population. 
The expansion of the Ts population is believed to be this source of 
immunosuppression (Price & Turner 1986b, Pritchard et. at 1984a). It is of 
interest to note that resistant strains of mice tend to express H-2 haplotypes 
characterised by a lack of l-E expression. This includes the NIH and SJL 
strains but not CBA, C 3H and BALB/c mice (Wassom et. al. 1987). It has been 
proposed that recognition of the relevant H. poly-gyrus and T spira/is 
antigens in the context of l-E molecules induces a response that suppresses 
the expression of functional immunity (Wassom et. a/. 1987), possibly by the 
preferential induction of suppressor T cells. However, a general expansion in 
favour of either Ts or Tc was not observed here. During infection with the 
protozoa Giardia muris a Th:Tc/s ratio of more that 5 in the Peyer's patch was 
associated with clearance of infection (Carlson et. al. 1986). Thus, while no 
suppression was seen in the H. po/ygyrus infection, neither was an expansion 
of the Th population observed. The depletion of either of the T cell 
subpopulations Lyt 2 and L3T4 might tip the balance in favour of expulsion 
in a low responder strain or inability to aquire resistance in a high responder 
strain. The enrichment of particular subpopulations of I cells during an H. 
polygyrus infection by adoptive transfer within different responder strains, 
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would indicate whether this Tc/Ts balance was significant in the expulsion of 
the parasite. 
It is now generally realized that while L3T4 cells have a helper, or 
proliferative rather than a cytotoxic function, some such clones are primarily 
cytotoxic (Shinohara et. al. 1986) and many others can show cytotoxic 
potential under appropriate conditions (Norcross et. at 1984); that is to say, 
they behave like Lyt2 4  (CD8) cells. Likewise, while most Lyt 2 clones are 
cytotoxic, some can provide a helper function (Swain 1981). Thus specific 
function is not absolutely confined to a given phenotype, when defined by 
single markers of this sort. Despite these reservations in the usefulness of 
the cell markers there appeared little support for Ts activity being significant 
in the survival of H. po/ygyru.s except for the indirect evidence of an early 
termination of the proliferative response in CBA and BALB/c mice. Other 
events, however, could account for that observation, for example a decline in 
available antigen. What was not studied here, and would be helpful to know, 
was the specificity of the T cell. 
It would be of interest to know the precise antigens that the T cells are 
responding to and whether there is strain variation in this respect. A possible 
method which would allow T cell specificity to be studied is the T cell 
Western blot (Abou-zeid et. at 1987). In addition the depletion of various 
subpopulatiôn of T cells prior to the assay would indicate precisely what 
antigens the L3T4 and Lyt2 cell populations were responding to. In this 
respect the B cell story is more complete, with the ability to bind to specific 
antigens being linked to immunity (Pritchard & Carr 1987). If a similar pattern 
emerged in I cell responses, particularly in Th lymphocytes, this could account 
for the stronger cellular and humoral responses. It might be anticipated that 
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in future this will be found in the responder strains as the T cells are 
necessary to prime the B cells to proliferate and secrete antibodies. 
Despite all the data that has been collected on the immune responses 
during an H. po/ygyrus infection there is still no satisfactory answer as to why 
the parasite is able to continue living and reproducing in the host. The mouse 
strain that most clearly developed resistance after secondary infection, NIH, did 
show slightly enhanced cellular and humoral responses. However, of the three 
strains of mice studied here there was no apparent immunodeficency in the 
susceptible strain, CBA, that could explain its lack of effective immunity. A 
more subtle difference in their immune reactions must exist and only by closer 
examination of these will the answer be found. 
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SUMMARY 
1. The literature on the immune responses elicited by H. pofygyrus infections 
in mice has been reviewed. 
Three strains of mouse were studied; CBA, BALB/c and NIH. These 
represent the spectrum of immunity to H. po/ygyrus from low responder CBA 
through intermediate responder BALB/c to a high responder, NIH. A single 
infection of H. po/ygyrus produced a rise in the weight and cellularity of the 
MLN and spleen within 7 days of an infection. These increases were of a 
transient nature and a recovery to control levels was generally seen by day 28. 
A notable exception to this was the responses observed in the MLN of NIH 
mice, which showed prolonged weight and cellularity increases. 
Cellular proliferation in the secondary lymphoid tissues followed a 
similar pattern of changes to those seen in the size and cellularity assays. All 
three strains produced very similar proliferative responses. This consisted of 
an early rise during the larval stages of the parasite followed by a recovery to 
control levels when the adults became established. 
Labelled lymphoblasts were shown to localize primarily in the tissues of 
the small intestine during the initial few weeks of an infection in CBA and 
BALB/c mice. 
The proportions of B and. T cells in secondary lymphoid tissues was 
determined by FACS analysis during primary H. po/ygyrus infections. This 
revealed an increase in B cell frequency in the MLN of all three strains, but 
only NIH mice maintained this elevated level after day 28. In the spleen, NIH 
mice produced an increase in the proportion of B cells, while the CBA and 
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BALB/c strains showed a reduction in B cell frequency. Once again this was 
only a transient change for all strains, and the percentage of splenic B cells 
had returned to control levels by day 28. All three strains showed a drop in 
the proportion of T cells in the MLN and spleen. The T cell population in CBA 
mice was the only one to show a recovery to uninfected levels by day 28 in 
the MLN; the levels in the other strains remained depressed. In the spleens of 
the BALB/c mice there was still a reduced I cell frequency by day 28. 
The number of cells in each lymphocyte subpopulation within the 
lymphoid tissues was calculated. B cells were seen to increase in number for 
all strains in the MLN, but only for BALB/c and NIH in the spleen. These 
changes peaked at the time of larval emergence from the intestinal wall. The 
number of T cells remained at a stable value throughout the infections, equal 
to that of control mice. 
No cellular expansion in favour of either T helper/inducer cells or T 
suppressor/cytotoxic cells was found during primary or secondary H. 
po/ygyrus infections in any of the strains of mice studied. 
Leucocytosis was observed in BALB/c and CBA primary infections. The 
cells in the white cell population showed a transient fall in the proportion of 
lymphocytes while the granulocytic population expanded. 
FACS analysis of the lymphocytes circulating in the blood showed the B 
cell frequency to remain constant in the two strains studied, CBA and BALB/c. 
There was a fall in the I cell frequency of both strains, but this response was 
delayed in BALB/c when compared to CBA. 
1.0. The cellular changes in mice given challenge infections of H. 
po/Vgyrus were similar to those seen in primary infections. However, there 
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was a significant rise in the proportion of splenic B cells in those animals 
which showed improved resistance to H. polygyrus after an immunising 
regime. 
An analysis of the lgG and 1gM parasite specific antibodies in both 
primary infections of CBA, BALB/c and NIH mice was undertaken. Once again 
all three strains proved to be immunologically competent and reacted to the 
infection by the production of specific antibodies. A prolonged antibody 
secretion was seen in the NIH mice compared with the other two strains 
studies. 	- 	- 
An analysis of the IgG and 1gM antibody production after challenge 
infection in the three strains showed NIH mice, in most cases, to produce the 
highest titre. The lgG output in NIH mice continued to rise over the 28 days 
after re-infection in contrast to CBA and BABL/c titres which levelled off within 
14 days. All three strains produced a single 1gM peak after challenge infection. 
The results of the study are discussed with reference to work by 
others. Mice susceptible to H. po/ygyrus produced a good, if ineffective, 
immune response and their inability to expel the parasite could not be 
explained on the grounds of non-responsiveness. 
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PP1NflTY 1 
APPENDIX TO MATERIALS AND METHODS 
RPMI-1640 medium 
lOx RPMI-1640 (Gibco, M405) 	 50m1 
Hepes buffer (1M) (Gibco, 043-5639) 	lOrnl 
7.5%odium bicarbonate soin. 
(Gibco, 043-5630) 	 12.5m1 
10% Sodium azide (Sigma, S-2002) 	5m1 
distilled water 	 422.5m1 
pH adjusted to 7.2. 
Before use 3.3m1 10% bovine serum albumin added to lOOml of the above 
medium. 
Acridine-orange/Ethidium-bromide stain 
Acridine-orange (BDH, 34001) 	 50mg 
Ethidium-bromide (Sigma, E8751) 	15mg 
Dissolve in imi 95% ethanol, add 49m1 distilled water and mix well. Store 
in lml aliquots at -20 0C. The working solution is made by diluting 
one aliquot in lOOml PBS. This is stored in a dark bottle at 4 0C and 
is usable for up to one month. 
Acrylamide stock (30%) 
Acrylaxnide (BDH, 44299) 	 30g 
NN' Methylenebisacrylamide (BDH, 44300) 	0.8g 
Made up to 100m1 in distilled water, kept at 4 °C. 
Phosphate buffered saline (PBS) 
NaCl (BDH, 10241) 	 8g 
KH,PO (BDH, 29608) 2g 
Kct (DH, 10198) 	 2g 
Na 2 HPO4-12R20 (BDH, 10249) 	1.15g 
Dissolve in 1 litres distilled water, pH to 7.2. 
Running gel buffer 
Trizma base (Sigma, T-1503) 	 18.17g 
Sodium dodecyl sulphate, SDS (BDH, 44215) 	0.4g 
Made up to lOOinl in distilled water and pH at 8.8. 
Stacking gel buffer 
Trizma HCL (Sigma, T-3253) 	 6.06g 
SDS (BDH, 44215) 	 0.4g 
Made up to lOOml in distilled water and p1-I at 6.8. 
7.5% 
Acrylarnide stock 	 3.5m1 
Running gel buffer 3.5m1 
Stacking gel buffer 	 - 
Water 	 6.9rn]. 
Ammonium persulphate (10%) 	 0.lml 
(BDH, 10032) 
TEMED 	 5u1 
















Trizma base (Sigma, T-1503) 	44.44g 
Dissolve in 500rnl distilled water 
This saline 
Trina base (Sigma, T-1503) 	1.21g 
NaC1 (BDH, 10241) 	 9g 
Dissolve in 1 litre water, pH 7.4. 
Electrode buffer (pH 8.3) 
Trizma base 	 15.15g 
Glycine (BDH, 10119) 	 72.05g 
SDS (BDH, 44215) 	 5g 
Dissolve in 5 litres of distilled water. 
Blotting buffer 
Trizrna base (Sigma, T-1503) 	15.15g 
Glycine (BDH, 10119) 	 72.05g 
SDS (BDH, 44215) 5g 
Methanol (May & Baker, 1230) 1000m1 
Dissolve in 4 litres of distilled water. 
'Blotto' 
Marvel (Cadbury) 	 50g 
Ten 20 	 imi 
(Polyoxyethylerie sorbitan monolaurate, Sigma, P-1379) 
Dissolve in 1 litre PBS, pH 7.3. 
Amido black stain 
Amido black (Napthol blue black, Sigma, N-9002) 0.5g 
Acetic acid (Fisons, 2789) 	 5m1 
Water 	 95m1 
Coomassie Brilliant Blue stain (CBB) 
CBB (Sigma, B-0630) 	 25mg 
Methanol (May & Baker, 1230) 45.5rn]. 
Acetic acid (Fisóns, 2789) 	9.1ml 
Water 	 45.5m1 
Destain 
Methanol (May & Baker, 1230) lOml 
Acetic acid (Fisons, 2789) 	7ml 
Water 	 83m1 
Blot Developer 
4-chloro-1-napthol (Sigma, H-1009) 	9.99mg 
Methanol (May & Baker, 1230) 	 3.33mg 
Dissolve these two solutions first then add; 
This saline 	 16.17m1 
H 2 0  2  (30%, Sigma, H-1009) 	
5ul 
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RIA washing solution 
NaCl (BDH, 10241) 	 8.7g 
Trizma base (Sigma, T-1503) 	6.05g 
pH at 7.5 with HC1 following this add iinl ¶rween 20 (Sigma, P-1379). 
Carbonate-bicarbonate buffer PH 9.6 
Na.,CO 3 (BDH, 10240) 	0.01M 
NaCO (BDH, 10247) 0.01M 
Add 49ml of the sodium carbonate solution to 1000ml sodium bicarbonate 
solution. Stored at room temperature for not more than 2 weeks. 
Lowry reagent 
NaOH (Fisons, 1823) 	 2g 
anhydrous NaCO. (BDH, 10240) 	lOg 
Dissolve in 500rf11 distilled water. 
Na,K-tartrate (BDH, 29656) dissolve 2g in 100m1 water (2%) 
CuSO4 (BDH, 27850) dissolve ig in 100m1 water (1%) 
For each assay the Lowry reagent should be made up fresh. 
For lOOml add; 98m1 alkaline Na.,CO 3 to lml Na,K-tatrarate and 
pour this solution over lml CuSO 4 . 
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APPENDIX 2 
The figures shown here are the percentage of cells positively stained with 
either Lyt2 or L3T4 monoclonal antibodies, determined by FACS analysis 
(Chapters 4 and 5). Cell suspensions of the MLN, spleen (SPL) and blood 
(BUD) were assayed. Primary infection of 250L3 H. polygyrus were 
investigated in the three stains of mice. 
237 
BA 
Day Mr,N SPI. flIj) 
Lyt2 	. L3T4 . 	 Lyt2 	. L3T4 . 	 Lyt2 	. L3T4 
2 17.6 48.2 10.5 21.5 8.0 34.3 
18.8 48.2 11.3 21.1 7.5 34.2 
9.6 37.8 
4 15.2 48.2 11.3 27.4 7.2 36.8 
15.3 48.9 11.9 27.2 9.5 
16.2 49.2 9.3 24.2 7.8 32.2 
14.0 41.9 8.8 22.2 10.4 46.7 
7 8.4 33.6 15.1 32.5 8.5 24.1. 
7.8 34.2 10.7 28.9 8.6 26.1 
14.3 42.2 11.2 19.9 8.6 24.6 
7.4 31.3 11.7 30.7 9.5 33.2 
11.7 35.3 10.7 23.8 11.3 32.1 
9.2 31.1 
10 11.7 30.2 6.8 15.5 11.6 41.3 
11.0 34.4 8.3 20.7 11.4 37.7 
10.9 31.4 8.7 22.6 10.4 43.3 
12.8 38.8 13.8 24.7 11.8 46.5 





14 16.0 40.2 8.7 24.2 10.7 37.7 
17.5 43.2 7.9 19.8 12.3 37.2 
12.1 42.5 8.3 22.0 10.7 35.8 
14.5 45.4 7.5 21.4 10.1 43.8 
21 13.0 42.4 7.7 21.0 7.5 27.9 
13.8 43.2 6.4 17.0 9.8 33.5 
14.6 43.9 7.0 21.0 8.0 30.3 
21.6 49.0 9.5 24.1 9.4 31.0 
28 22.8 42.8 11.4 19.3 10.7 43.6 
20.5 46.2 6.4 17.4 11.2 37.3 
19.4 46.4 11.0 19.8 10.5 39.4 
18.8 43.0 9.0 17.8 
16.7 54.5 9.6 17.4 
17.5 53.9 10.7 19.6 
Controls 20.3 46.0 11.2 26.1 14.2 42.8 
22.4 51.8 10.8 22.6 11.0 34.1 
22.1 52.4 11.9 21.6 14.0 37.7 
23.2 52.3 10.5 21.8 12.9 39.5 
21.3 46.4 12.2 22.5 15.9 39.8 
23.3 54.8 1311 23.3 12.0. . 
21.3 57.7 10.0 23.5 13.8 43.6 
20.4 56.7 12.2 23.0 14.1 50.2 
19.1 51.1 10.0 24.5 10.2 37.4 
23.0 55.6 9.4 27.2 
21.6 59.7 8.0 21.5 
20.4 52.9 12.3 25.7 
15.7 57.5 11.2 23.0 
18.1 53.8 
18.8 	. 55.8 	. . . . 
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BALB/c 
Day MLN SPL BLO 
Lyt2 	. L3T4 Lyt2 	. L3T4 	. Lyt2 	. L3T4 
2 20.7 40.7 12.1 24.7 13.7 44.8 
18.2 44.6 14.5 22.7 
22.7 48.2 
4 21.1 54.3 12.6 24.4 10.8 42.2 
20.9 50.6 10.7 22.5 14.3 40.1 
30.4 52.2 13.0 26.3 15.2 46.2 
7 10.2 35.6 8.1 24.5 16.5 46.6 
12.5 37.7 9.5 24.8 15.9 44.9 
11.0 35.7 6.4 16.2 8.3 35.4 
10 15.8 34.9 5.7 13.2 13.7 52.5 
11.7 36.6 4.3 8.0 22.2 41.9 
11.7 29.8 5.4 10.9 37.9 50.8 	- 
12.5 33.4 4.3 9.7 16.0 46.3 
10.8 26.1 8.4 15.0 13.6 46.2 
11.0 23.6 14.4 44.8 
14 17.3 35.3 7.0 14.0 10.4 31.5 
17.7 38.5 11.0 18.5 9.5 30.0 
16.0 38.1 8.2 21.8 10.4 28.8 
13.8 35.0 6.5 15.1 9.0 46.6 
16.4 33.6 4.2 10.7 7.8 41.7 
13.5 30.8 5.5 11.8 9.2 46.9 
21 13.4 29.4 5.5 18.3 18.5 45.3 
16.2 29.5 6.5 17.0 7.0 26.7 
13.9 33.6 10.8 19.8 8.0 19.9 
13.4 38.0 8.3 27.1 
7.0 23.8 
28 16.0 42.1 8.9 26.8 16.7 48.8 
18.0 39.7 7.1 22.5 17.1 33.7 
16.6 40.0 10.4 26.0 25.6 51.7 
90 16.0 42.1 8.9 26.8 27.3 45.7 
14.7 40.0 8.8 28.9 11.5 50.1 
18.7 43.7 11.3 24.3 14.7 52.5 
Controls 21.1 44.4 10.8 21.4 13.6 37.5 
19.2 48.9 10.6 19.0 12.5 46.2 
18.6 45.5 10.5 21.3 17.1 52.5 
15.3 46.4 7.6 17.4 15.5 38.4 
20.5 42.8 9.1 22.0 10.4 32.1 
17.8 47.5 10.1 21.4 11.8 30.0 
16.6 35.9 11.5 25.4 18.2 53.7 
21.5 49.1 9.3 20.9 14.4 36.2 
19.1 50.3. 10.5 20.8 16.1 40.3 
19.5 u.5 9.9 24.7 15.4 40.3 
18.4 47.6 7.9 20.0 
19.6 49.9 12.1 34.0 
20.1 51.7 9.6 23.5 
21.7 56.5 13.0 23.5 
11.3 20.5 
13.9 	• 26.1 . 	 . 
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NIH 
Day MLN SPL 
Lyt2 	. L3T4 	. Lyt2 	. L3T4 
4 9.8 44.2 8.5 24.8 
14.6 31.8 7.0 18.8 
7 9.6 37.2 5.2 17.8 
9.6 41.7 4.5 20.6 
8.5 37.2 3.9 20.0 
10 13.3 34.1 5.2 17.8 
9.4 36.7 6.6 16.5 
11.9 31.3 4.4 12.4 
12.3 41.9 7.7 15.1 
11.6 34.9 5.0 14.7 
12.9 34.5 
14 10.2 35.9 6.4 16.8 
11.1 36.2 6.7 17.0 
12.7 39.2 8.1 17.0 
21 10.0 35.0 4.1 13.5 
11.5 35.1 7.2 21.4 
11.6 40.6 5.2 13.6 
28 10.0 29.1 8.3 24.6 
- 10.0 35.6 7.9 25.8 
8.4 27.0 6.8 24.6 
Controls 14.3 53.6 8.3 18.5 
16.1 51.3 9.3 18.5 
10.0 40.7 5.8 17.1 
11.5 35.1 8.7 20.7 
13.9 50.0 7.5 19.0 
13.6 48.3 8.9 27.0 
9.2 52.1 6.4 23.6 
27.1 49.2 8.0 30.7 
14.0 52.0 7.8 23.4 
11.4 	. 48.7 . 	 . 
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APP1NDTX 
The figures given in this appendix are the radioactivity counts per minute 
from the radloirmiunoassays in Chapter 6. They represent the raw data before 
any of the calculations were done. Where. sera from individual mice were 
studied the assays were run in duplicate. Assays of pooled sera were 
generally done in triplicate. In some cases, when both individual and pooled 
sera were assayed, the pooled sera has a (p) after it to differentiate it from 
individual. 
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Data for Figure 6.4 (cpm): CBA & NIH mice; 1gM; Adult homogenate antigen. 
1) Standard Sera 
Dilution 	 1/160 1/320 1/640 1/1280 1/2560 1/5120 
Hyperirrnune BALB/c 3910 3117 1986 1206 734 497 
4263 3004 2118 1253 806 504 
Uninfected BALB/c 	2492 1775 1073 653 431 246 
2439 1927 1103 745 454 306 
2) Controls 
Control A 	42 50 68 69 
Control B 136 180 153 160 
Control C 	50 57 56 55 
3) 	Experiirental Samples (pooled, in triplicate) 
Day CBA NIH 
0 810 745 680 199 210 221 
7 788 813 838 335 269 286 
14 2173 1988 2090 1013 1027 933 
21 2031 1979 1995 989 988 1007 
28 1897 1971 1965 1785 2028 2004 
35 1795 1820 1790 2122 1950 2017 
42 1794 1731 1833 2287 2194 2249 
49 1670 1633 1735 2123 2028 1931 
56 1850 1826 1800 2296 2476 2332 
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Data for Figure 6.5 (cpm): CBA, NIH and BALB/c mice; 1gM; adult E/S antigen. 
1) 	Standard Sera 
Dilution 1/160 1/320 1/640 1/1280 1/2560 1/5120 
Hyperirrrnune BALE/c 2452 1865 1264 767 527 336 
2717 1864 1314 916 539 403 
Uninfected BALB/c 1201 964 587 399 296 182 
1281 927 629 421 272 231 
2) Controls 
Control A 	87 90 70 83 
Control B 	120 54 98 92 
Control C 	52 73 83 56 
3) Experimental Samples (pooled, in triplicate) 
Day CBA BALE/c NIH 
0 428 377 426 - 145 182 140 
7 699 697 671 1070 1869 1164 263 247 233 
14 1211 1034 1104 1760 1785 1704 372 331 401 
21 1161 1127 1119 1979 1818 1848 473 418 479 
28 1163 1112 1090 2426 2395 2352 1156 1123 1129 
35 988 1088 1055 2095 2198 2103 1315 1358 1245 
42 1213 1216 - 2182 2102 2246 1323 1284 1280 
49 890 1117 1135 1672 1816 1796 1478 1337 1481 
56 1170 1123 1167 1654 1765 1598 1454 1434 1427 
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Data for Figure 6.6 (cprn): CBA & NIH mice; 1gM; L4 homogenate antigen. 
1) Standard Sera 
Dilution 1/160 1/320 1/640 1/1280 1/2650 1/5120 
Hyperirrmune BALB/c 3808 2627 1768 1147 687 357 
3574 2676 1850 1088 629 398 
Uninfected BALB/c 3097 1990 1315 776 454 234 
2950 2018 1261 724 429 258 
2) Controls 
Control A 	76 60 58 52 
Control B 176 158 137 153 
Control C 	32 41 46 67 
3) Experinental Samples (pooled, in triplicate) 
Day CBA NIH 
0 651 586 616 192 181 197 
7 643 658 709 455 430 443 
14 1452 1363 1595 1042 1030 1072 
21 1604 1483 1556 999 993 947 
28 1543 1416 1448 1921 1740 1870 
35 1367 1404 1048 2101 2032 2085 
42 1405 1292 1359 2170 2082 2039 
49 1233 1300 1291 1944 1932 2045 
56 1584 1423 1496 2043 2295 2041 
244 
Data for Figure 6.7 
















NIH mice; 1gM; L4 E/S antigen. 
1/1280 1/2560 1/5120 
1028 	636 	366 
1019 661 408 
358 	178 	153 
348 216 126 
2) Controls 
Control A 	67 62 74 66 
Control B 145 116 112 
Control C 	97 104 43 49 
3) Experinental Samples (pooled, in triplicate) 
Day CBA BALE/c NIH 
0 433 442 465 - 130 146 131 
7 635 671 760 1380 1376 1363 700 688 753 
14 1485 1649 1740 2297 2210 2261 466 503 529 
21 1583 1576 1648 1995 2051 1946 642 704 1064 
28 1463 1536 1610 2570 2496 2327 1091 1077 634 
35 1345 1501 1395 2201 2232 2069 1573 1690 1521 
42 1557 1504 1546 2693 2558 2653 1700 1701 1596 
49 1969 1376 1671 2122 2133 2145 2011 1938 1558 
56 1461 1442 1476 2124 2044 2125 1806 1819 1962 
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Data for Figure 6.8 (cpm): cBA, NIH & BALB/c; IgG; Adult homogenate antigen. 
Standard Sera 
Dilution 





1/160 1/320 1/640 1/1280 1/2560 1/5120 1/10240 1/20 
- 6377 4220 - 1804 1196 	698 	406 
- 5929 4643 - 1722 1000 616 408 
763 527 382 291 230 
790 522 339 288 213 
493 364 274 235 272 
404 302 236 238 - 
996 670 466 297 264 325 
883 660 504 382 223 309 
Control A 213 244 194 206 
Control B 287 313 
Control C 196 
3) Experinental Samples (individual, in duplicate) 
Day 	 CBA 
7 765 756 569 587 616 569 541 489 529 461 
14 	1062 888 
21 813 765 758 761 867 848 1098 1015 1001 951 
28 	954 980 799 786 1134 1100 819 805 1006 937 
35 1136 1323 1151 1188 1341 1293 781 821 1031 1024 
42 	950.998 1330 1833 1074 1157 1005 1037 1221 1232 
49 1223 1081 1050 950 1413 998 1662 1587 1808 1661 
56 	1195 1137 1512 1392 1481 1462 1115 1106 2118 1953 
NIH 
7 630 432 457 407 328 359 537 447 498 383 
14 734 479 747 496 688 560 569 888 588 685 
21 1390 1329 1021 1091 890 691 616 1799 1402 933 
28 3547 2704 3320 3409 4079 4155 2175 2138 2324 2242 
35 4684 4745 5322 5260 4014 4390 3962 4733 5742 4819 
42 6181 5132 6128 6011 5293 5224 5006 5215 4012 4467 
49 4539 5178 6173 6354 5127 4659 4991 4888 4416 4321 
56 6201 6513 5663 6406 5749 5933 4142 4294 4973 5253 
BALB/c 
7 774 776 	(p) 
14 974 1029 (p) 
21 953 1098 1005 973 
28 1833 1618 1417 1679 
35 3376 3512 874 1421 
42 1782 2442 2639 2890 
49 3101 3192 2352 1936 
56 3771 3861 2968 3514 
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1/160 1/320 1/640 1/1280 1/2560 1/5120 1/10240 1/20 
- 	 1374 1256 	- 602 483 	317 	293 
- 	 1346 1179 - 595 370 348 243 
442 	324 224 	264 220 237 
391 333 294 269 246 240 
Control A 229 214 190 231 
Control B 94 87 
Control C 97 100 129 92 
3) Experimental Samples (pooled and individual, in duplicate) 
Day 	CBA 
0 250 222 223 (p) 
7 	279 239 (p) 
14 392 480 (p) 
21 	469 509 (p) 
28 716 818 503 448 387 511 353 615 413 455 
35 	598 496 415 568 398 498 454 510 391 417 
42 746 702 520 608 533 585 457 404 502 593 
49 	724 1005 589 672 492 463 603 772 652 727 
56 859 634 482 623 770 736 731 749 976 1176 
Day NIH 
0 218 253 235 	(p) 
7 306 241 271 323 234 291 265 263 255 226 
14 309 284 260 271 338 325 281 273 284 302 
21 506 540 370 315 401 380 422 419 441 326 
28 761 763 711 698 1052 1053 599 606 779 787 
35 1037 1115 911 1048 1775 1449 1409 1337 1716 1602 
42 1591 1701 1339 1533 1793 1455 1837 2070 1862 1697 
49 1721 1798 1786 2233 2788 2362 2531 2167 2387 2278 
56 2281 2204 2816 2427 2322 2611 3006 2710 2606 2736 
Day BALE/c 
7 429 506 	(p) 
14 603 812 (p) 
21 530 610 655 724 
28 1162 1169 738 756 
35 1248 1043 1090 1311 
42 1220 1218 1142 1080 
49 1269 1318 1259 1259 
56 1535 1526 1497 1662 
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Data for Figure 6.10 (cpm): cB4 
1) Standard Sera 
Dilution 	 1/160 1/320 
	
Hyperirrrnune BALB/c - 	2412 
- 2232 
Uninfected BALB/c 648 	431 
581 417  
, NIH & BALB/c; IgG; L4 homogenate antigen. 
1/640 1/1280 1/2560 1/5120 1/10240 1/204 
1877 	- 	832 	569 	397 	236 
1888 - 920 555 412 304 
251 	204 	168 	139 	- 	- 
281 208 198 303 - - 
Controls 
Control A 111 115 126 149 
Control B 182 158 170 
Control C 121 102 111 
Experimental Samples (pooled and individual, in duplicate) 
Day 	CBA 
0 155 206 (P) 
7 	242 229 (p) 
14 422 399 (p) 
21 	457 378 318 333 398 306 291 264 357 348 
28 358 286 429 443 438 482 378 393 438 424 
35 	412 404 332 382 302 367 390 511 493 560 
42 505 536 512 715 352 408 377 431 384 324 
49 	456 527 952 730 573 368 698 781 436 368 
56 758 925 953 978 1032 820 720 595 645 645 
Day NIH 
0 150 152 169 229 179 183 189 159 208 199 
7 252 201 170 165 213 244 247 260 219 195 
14 360 356 249 336 386 394 401 428 362 379 
21 474 458 670 620 573 562 618 621 590 392 
28 959 1260 1456 1116 1113 922 1515 1396 1100 737 
35 1187 1434 1312 1337 1699 1684 1496 1336 1463 1501 
42 1433 1720 1774 1513 1256 1623 1242 1496 1745 1862 
49 1996 2148 1780 1713 1696 1575 2053 1862 1674 1868 
56 2389 2510 1878 1926 1827 1657 1713 1836 1885 1491 
Day BALB/c 
0 324 251 	(p) 
7 305 323 	(p) 
14 586 582 	(p) 
21 630 559 920 598 
28 1010 753 938 1111 
35 1532 1220 739 708 
42 1481 1113 1460 1191 
49 1248 1638 1623 1442 
56 1484 1956 1851 2213 
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Data for Figure 6.11 (cpm): CBA, NIH & BALE/c; IgG; L4 E/S antigens. 
1) Standard Sera 
Dilution 	1/160 1/320 1/640 1/1280 1/2560 1/5120 1/10240 1/205 
Hyperixrrnune BALE/c 	- 1550 1237 - 	 572 482 333 	280 
- 	 1549 1213 - 	 594 480 345 258 
Uninfected BALE/c 205 	182 163 - 	 154 155 147 	- 
230 182 167 - 	 160 121 130 - 
Controls 
Control A 130 108 114 157 
Control B 109 93 95 111 
Control C 122 119 86 106 
Experimental sera (pooled and individual, in duplicate) 
Day 	CBA 
0 120 153 147 (p) 
7 	222 196 (p) 
14 307 302 (p) 
21 	301 308 (p) 
28 251 278 507 511 273 354 335 336 309 277 
35 	273 260 539 433 285 287 304 284 324 388 
42 267 275 306 338 318 360 393 443 764 804 
49 	1065 958 314 394 319 283 394 467 473 409 
56 950 1038 769 612 462 494 383 432 469 478 
Day NIH 
0 198 184 182 149 145 154 140 144 122 116 
7 257 242 215 230 174 201 233 188 
14 387 336 533 537 500 505 676 643 490 523 
21 820 804 896 1057 985 891 911 948 869 874 
28 1243 1208 1123 1222 1801 1748 1134 1275 1162 1178 
35 1335 1411 1693 1462 1482 1180 1775 1704 
42 1633 1611 2293 2172 1504 1615 2542 2609 
49 1987 1786 1643 1633 2055 1975 1996 2297 3813 3518 
56 2429 2214 2283 2386 2500 2136 2328 2303 3388 3342 
Day BALE/c 
7 241 299 	(p) 
14 452 398 	(p) 
21 429 445 	(p) 
28 790 677 	(p) 
35 854 922 	(p) 
42 874 857 	(p) 
49 951 1041 (p) 
56 1195 1230 (p) 
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CBA, NIH & BALB/c; 1gM; Adult homogenate antigen 
1/640 1/1280 1/2560 1/5120 1/10240 
1732 	1150 	745 	442 	266 
1560 1203 659 400 255 
1026 	598 	342 	223 	138 
936 571 373 226 167 
Data for Figure 6.1 2(cprn 




Hyperininune BALB/c 2619 
2831 
Uninfected BALB/c 1639 
1707 
Controls 
Control A 80 77 65 88 
Control B 186 244 193 193 
Control C 58 58 58 36 
Experimental Samples (secondary infection, pooled, in triplicate) 
BA 
Uninfected 928 742 845 
Day 
0 	1864 1917 1987 
7 2990 3037 2968 
14 	2204 2112 2039 
21 1812 1841 1771 
28 	2118 2139 2243 
NIH 
Uninfected 235 212 180 
Day 
0 899 926 927 
7 3790 3625 3639 
14 2921 2926 2780 
21 2080 1998 1993 
28 1952 1969 1893 
BALB/c 
Day 
0 2197 2266 2215 
7 3826 3730 3762 
14 3290 3216 3142 
21 2683 2446 2400 
28 2505 2346 2488 
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Data for Figure 6.13 (cprn): CBA, NIH & BALB/c; 1gM; Adult E/S antigen. 
1) Standard Sera 
Dilution 	 1/160 1/320 1/640 1/1280 1/2560 1/5120 
Hyperirrrnune BALB/c 3334 2461 1727 1094 736 426 
3642 2559 1723 1098 713 458 
Uninfected BALB/c 	1375 1051 689 518 326 253 
1360 1048 675 496 350 268 
Controls 
Control A 90 94 109 84 
Control B 164 166 190 169 
Control C 61 77 50 75 
Experimental Samples (secondary infection, pooled, in triplicate) 
CBA 
Uninfected 545 456 473 
Day 
0 	2151 2162 2159 
7 2569 2643 2599 
14 	1778 1796 1800 
21 1883 1883 1849 
28 	2211 2274 2248 
NIH 
Uninfected 152 139 161 
Day 
0 809 869 826 
7 2850 2764 2802 
14 2513 2506 2530 
21 1860 1969 1812 
28 1804 2007 1739 
BALB/c 
Day 
0 2637 2445 2628 
7 4282 4147 4017 
14 3292 3391 3338 
21 2611 2774 2683 
28 2709 2615 2670 
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Data for Figure 6.14 (cp 
1) Standard Sera 
Dilution 	 1/320 
Hyperixmiune BALB/c 2365 
2186 
Uninfected BALB/c 1645 
1671 






NIH & BALB/c; 1gM; IA homogenate antigen. 
1/1280 1/2560 1/5120 1/10240 
1075 	954 	578 	347 
954 581 337 193 
648 	359 	223 	144 
595 360 235 145 
Controls 
Control A 73 44 66 55 
Control B 150 139 149 149 
Control C 59 36 61 54 
Experimental Samples (secondary infection, pooled, in triplicate) 
CEA 
Uninfected 500 513 534 
Day 
0 	1246 1219 1260 
7 2793 2766 2638 
14 	1751 1680 1631 
21 1497 1592 1687 
28 	1602 1707 1749 
NIH 
Uninfected 199 155 174 
Day 
0 985 990 985 
7 3841 3840 3768 
14 3067 2986 2896 
21 2000 2132 1987 
28 2018 1998 1993 
BALB/c 
Day 
0 1659 1656 1709 
7 3455 3725 3593 
14 3041 2917 3002 
21 2250 2096 2177 
28 2429 2586 2287 
252 
Data for Figure 6. 





























Control A 81 69 94 68 
Control B 122 137 118 136 
Control C 56 71 66 42 
Experimental Samples (secondary infection, pooled, in triplicate) 
BA 
Uninfected 458 461 464 
Day 
0 1567 1558 1643 
7 2659 2828 2698 
14 1918 1894 1903 
21 1611 1542 1468 
28 1977 1818 1883 
NIH 
Uninfected 136 133 135 
Day 
0 867 921 939 
7 4225 4420 4262 
14 3521 3663 3655 
21 2725 2764 2671 
28 2664 2519 2600 
BALE/c 
Day 
0 1615 1587 1519 
7 3328 3356 3331 
14 3044 2990 3091 
21 2236 2283 2357 
28 2466 2621 2644 
253 




1/160 1/320 1/640 1/1280 1/2560 1/5120 1/10240 1/2 
Hyper iniiaine BALB/c 
	
6126 4646 	- 	2046 	1243 	754 	510 
	
- 	7624 	4373 - 2174 1320 784 471 
Uninfected BALE/c 1141 697 	525 	332 	279 	277 
712 	535 535 426 312 279 
Controls 
Control A 226 238 205 236 
Control B 552 659 
Control C 183 157 215 149 
Experimental Samples (secondary infections, pooled and individual, in 
duplicate) 
CBA 
Uninfected 448 495 .(p) 
Day 
0 	867 891 1231 1060 1183 1139 1270 1222 1027 1114 
7 6427 6843 5555 5686 6793 6539 6842 6937 4561 4313 
14 	6952 7006 6953 7136 6895 6624 6878 6211 6442 
21 5919 6516 5043 7030 5763 6831 6736 5611 4480 5387 
28 	5281 6092 5195 4944 7581 6330 5450 5888 4773 4069 
NIH 
Uninfected 413 494 365 346 358 377 355 365 406 462 
Day 
0 2009 2149 1108 985 1093 955 1837 1704 1234 1317 
7 4732 4746 6122 5535 5649 5641 4991 4959 5107 5584 
14 6963 6882 6365 6230 7067 7288 5147 5369 5423 5011 
21 4799 4830 7486 7211 5858 5518 6441 6879 7189 6904 
28 6331 6719 6518 6827 4493 4180 •5582 5002 7216 6793 
BALE/c 
Day 
0 1306 1162 1405 1384 1260 1220 1437 1268 1359 1267 
7 6822 6491 5291 5453 6598 6480 5398 5365 5640 5806 
14 7731 7906 8278 8228 7317 7901 7119 7484 7670 7274 
21 6487 6539 7931 8145 6202 6437 6749 6745 6843 6770 
28 5950 5583 7050 7257 7037 6618 6575 5957 6509 6537 
254 
Data for Figure 6. 17 (cpm): cEA, NIH & BALE/c; IgG; Adult E/S antigen. 
Standard Sera 
Dilution 	 1/160 1/320 1/640 1/1280 1/2560 1/5120 1/10240 1/204 
	
Hyper inTnune BALE/c - 	566 	427 	- 	264 	225 	165 	183 
- 591 460 - 236 211 174 179 
Uninfected BALE/c 232 	213 	163 	164 	178 	162 
271 194 140 134 157 158 
Controls 
Control A 148 131 135 126 
Control B 466 442 396 438 
Control C 123 135 126 170 
ExeriiTenta1 Samples (secondary infection, pooled in triplicate and 
individual in duplicate) 
CBA 
Uninfected 154 144 166 (p) 
Day 
0 268 211 329 341 313 416 429 277 274 
7 673 625 690 754 856 802 418 462 478 
14 520 885 862 907 971 655 
21 701 929 1082 907 877 833 698 849 888 929 
28 950 579 672 924 827 1001 823 830 
NIH 
Uninfected 136 118 144 132 136 169 148 163 183 171 
Day 
0 294 288 217 177 232 250 183 184 298 267 
7 486 442 452 431 406 439 501 492 576 587 
14 826 946 959 1053 1022 985 939 935 1040 1038 
21 1088 997 883 879 1484 1449 1171 1265 1391 1310 
28 1157 1292 1262 1463 1013 1097 1340 1331 1685 1792 
BALE/c 
Day 
0 237 207 347 302 231 262 311 310 261 287 
7 513 497 709 605 604 552 523 512 625 624 
14 796 880 776 817 904 896 915 776 808 845 
21 807 775 959 920 749 771 877 816 654 655 








Data for Figure 6.18 (cpi 
1) Standard Sera 
Dilution 	 1/160 
Hyperirriune BALB/c - 
Uninfected BALB/c 454 
495 






BALB/c; IgG; L4 homogenate antigen. 
1/1280 1/2560 1/5120 1/10240 1/2Q 
	
- 	767 	395 	256 	192 
- 718 487 238 183 
149 	107 	- 	126 
145 106 - 115 
Controls 
Control A 109 75 95 
Control B 227 112 144 251 
Control C 123 118 111 116 
Experimental Samples (secondary infection, pooled in triplicate and 
individual in duplicate) 
CBA 
Uninfected 203 175 177 (p) 
Day 
0 424 503 486 488 528 506 381 481 552 475 
7 1989 2160 1677 2079 2436 2292 2041 2406 2451 2193 
14 2609 2679 2171 2474 2232 2240 2068 2367 2396 2230 
21 2364 2224 2193 1972 2152 2150 2371 2246 1646 1851 
28 1546 1886 1878 2221 1983 2047 1819 1763 1939 1750 
NIH 
Uninfected 170 171 179 (p) 
Day 
0 972 864 621 602 664 714 536 479 483 527 
7 2196 2044 2148 2242 2209 2306 2087 2032 2439 2355 
14 2375 2200 2870 2835 2762 2797 2953 2913 2746 2654 
21 2284 2297 2729 2701 2819 2775 3085 2932 2693 2505 
28 2359 2204 2348 2472 2278 1782 2320 2157 2343 
BALB/c 
Day 
0 290 320 440 342 424 435 366 402 950 735 
7 2051 1942 1439 1493 1912 1754 1510 1321 1781 1798 
14 1890 1659 1918 1885 1354 1394 1435 1493 1381 1280 
21 2512 2577 2132 2166 2338 2145 2621 2648 2067 1992 








Data for Figure 6.19 (cp 
1) Standard Sera 
Dilution 	 1/160 
Hyperirrrnune BPLB/c - 
Uninfected BALB/c 259 
280 






BALB/c; IgG; L4 E/S antigen. 
1/1280 1/2560 1/5120 1/10240 1/20 
	
- 	620 	462 	330 	276 
- 638 445 321 253 
187 	149 	184 
177 160 156 
Controls 
Control P 125 166 135 127 
Control B 234 266 
Control C 170 179 181 207 
Experimental Samples (secondary infection, pooled and individual in 
duplicate) 
BA 
Uninfected 164 179 (p) 
Day 
0 	271 277 350 319 338 363 312 310 421 378 
7 926 902 1499 1455 972 1041 1028 1021 1137 1115 
14 	1722 1707 1477 1333 2451 2540 
21 1817 1895 2657 2555 1901 1771 1530 1454 
28 	1484 1390 1439 1510 2024 2094 1540 1556 
NIH 
Uninfected 152 150 177 188 188 176 169 173 231 150 
Day 
0 933 993 1166 1264 671 708 1029 1116 1063 975 
7 3084 3056 3220 3170 2369 2490 
14 3471 3690 3541 3611 3517 3354 3227 3241 3038 2967 
21 3376 3578 3228 3323 3420 3443 3490 3436 3245 3359 
28 3296 3360 3817 3774 3666 3765 3447 3311 3573 3508 
BMB/c 
Day 
0 375 363 379 361 379 448 335 290 
7 1137 1189 1199 1075 
14 1651 1873 2006 2014 1831 1706 1930 1614 
21 1968 1927 1438 1504 1374 1464 
28 1236 1498 1147 1144 1143 1225 1483 1494 
257 
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